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THE ENGINEER 1 


HELLER 


LANO-TYPE MILLING MACHINES 


for higher output and greater economy 


The simultaneous milling of several 
faces on one workpiece—often in 
different planes and at different 
angles—is the answer to the demand 
for increased output of many com- 
plex parts. It obviates reclamping 
and realigning and in many cases 
reduces the number of machines 
required for production. 


Heller plano-type milling machines 
are designed on the unit-assembly 
system and can be literally ‘built 
around the component’. The major 
units are the milling heads, tables, 
feed mechanism, uprights and frames. 
The selection of units depends 
entirely on the work required: for 
example, light milling heads and a 
large table can be used for bulky 
workpieces with only small faces to 
be milled, or alternatively heavy 
milling heads can be employed with 
a small table for heavy milling on 
small components. The power 
employed is therefore related to the 
workpiece and not to machine table 
size, and milling heads of different 
sizes can be fitted to the same 
machine. The economic advantages 
of this system of construction are 
therefore extended into actual 
operating, saving power and floor 
Space. 


Some of the most commonly used 
arrangements are shown opposite. 
There is a catalogue available which 
gives full details. Write for a 
copy now. 
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PUBLIC APPOINTMENTS 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF CIVIL 
ENGINEERING 





LECTURER (GRADE 1!) 





Applications are invited for a LECTURER 
(Grade II) in CIVIL ENGINEERING. Salary 
within the range of £550 to £1100, plus F.S.S.U. and 
Family Allowance benefits. Duties to commence 
October Ist, 1954. 

Applicants should have a good general knowledge 
of civil engineering subjects, partes in reinforced 
concrete or hydraulics, and have some practical 
experience. Time and facilities will be available for 
research work. 

Three copies of applications, together with the 
names of three referees, should be forwarded to the 
Registrar by 14th August, 1954. Further particulars 


may be obtained from the undersigned. 
C.G. BURTON, 
Secretary. 
The University, 
Birmingham, 15. E9928 





THE UNIVERSITY OF LIVERPOOL 





DEPARTMENT OF METALLURGY 





LECTURER 





grag are invited for the post of LEC- 
R in the mt of Metallurgy, at an 
initial salary within the range £550-£1100 per annum, 
according to the qualifications and experience of the 
successful candidate. Applicants should be Honours 
Graduates with a knowledge of advanced physical 
metallurgy, and an interest in X-ray hy. 

Applications, stating age, qualifications and expe- 
Tience, together with the names of three referees, 
should be received not later than Ist September, 
1954, by the undersigned, from whom further 
partic 


ulars may be obtained. 
STANLEY DUMBELL, 


E9861 Registrar. 





THE UNIVERSITY OF LEEDS 





DEPARTMENT OF ELECTRICAL 
ENGINEERING 





LECTURER IN ELECTRICAL 
ENGINEERING 





Applications are invited for appointment, from 
ist October, 1954, as LECTURER IN ELECTRICAL 
ENGINEERING at a salary on the scale £550 by 
£50 to £1100, according to qualifications and experi- 
ence. Applicants must have good academic quali- 
fications and practical experience in the electrical 
engineering industry. Preference will be given to 
c whose are not d to elec- 
tronics. Applications (three copies), stating date of 
birth, qualifications and experience, together with 
the names of three referees, — reach the 
Registrar, The University, Leeds, 2 (from whom 
further particulars may be obtained), not later than 
21st August, 1954. E9903 


THE UNIVERSITY OF 
MANCHESTER 
SENIOR LECTURESHIP AND TWO 
LECTURESHIPS IN ENGINEERING 











Applications are invited for a SENIOR —_ 
TURESHIP and TWO LECTURESHIPS 
ENGINEERING. Candidates for the Senior 
Lectureship and one of the Lectureships —_ have 
special qualifications in mec engineering, 
with particular interest in one or more of the follow- 
ing :—Heat Transfer, fluid mec! Trmo- 
dynamics applied to heat engines, theory ; of machines. 
Candidates for the other pueden oy should have 
special qualifications in civil engineering and should 
preferably have interests in surveying or hydraulics, 
but this is not essential. scales: Senior 
Lectureship, £1150-£1500 per annum ; Lectureship, 
£500-£1100 per annum. Membership of F.S.S.U. 
and children’s allowance scheme. Initial salary 
according to qualifications and experience.—Appli- 
cations should be sent not later than 4th September, 
1954, to the Registrar, The University, Manchester, 
13, from whom further particulars and forms of 
application may be obtained. E9887 


THE UNIVERSITY OF SHEFFIELD 











LECTURER IN APPLIED MECHANICS 
Applications are invited for a post of LECTURER 
IN APPLIED MECHANICS to begin duties on 


ist January, 1955. Salary scale £550 by £50 to 
£1100, with F.S.S.U. provision and family allowance. 
Initial salary according to qualifications and expe- 
rience. 

Lecturing experience, while desirable, is not 
essential. Facilities for research will be provided. 

Further particulars should be obtained from the 
Registrar, to whom eo rage (four copies) 
should be sent by Ist September, 1 E9896 





LONDON TRANSPORT 





TECHNICAL ASSISTANT 





London Transport require TECHNICAL ASSIST- 
ANT, Chiswick. Applicants must be capable 
draughtsmen with experience in investigation of 
production requirements and 9 1R of shop 
layout drawings. rising to £613 10s., with 
additional ——— for certain quali- 
fications ; exam. Applications to to Staff 
Officer (FIEV. a London Transport, 55, Broad- 
way, S.W.1. £9926 


THE 
PUBLIC APPOINTMENTS 





THE UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF MECHANICAL 
ENGINEERING 


LECTURER 





plications are invited for the post of LEC- 
R in the oe Se Crna of Mechanical 

will be given to candidates with 
p= FB mg interests in gh of materials. Salary 
within the range £550-£1100 per annum, according 
to qualifications and experience. 
_ Applications, stating age, qualttoatons and ao 
rience, together with the names 
should be received not later ‘on ist August, ‘1954, 
~ A the undersigned, from whom further particulars 
y be obtained 


STANLEY DUMBELL, 
E9727 Registrar. 





MID AND SOUTH-EAST CHESHIRE 
WATER BOARD 
APPOINTMENTS 
(1) ASSISTANT ENGINEER, A.P.T. GRADE Vil 
(£735-£810) 

(2) ENGINEERING ASSISTANT, A.P.T. 
GRADE V (£620-£670) 





Applications are invited for the above permanent 





ENGINEER 


PUBLIC APPOINTMENTS 





NATIONAL COAL (BOARD 


CENTRAL RESEARCH 


SCIENTISTS 


ESTABLISHMENT 





National Coal Board, at their Central Research 
Establishment, Isleworth, Middlesex, out 
research on problems of’ coal winning and other 
underground activities. The field covered at present 
is broadly 

(a) Studies of the mechanical properties of coal. 

(b) Technical methods of pees winning. 

(c) Mechanical engineering and metallurgical 
problems. 

(d) Strata control and underground transport of 
coal by conveyors. 

(e) Mine conditions, including dust, 
temperature and humidity. 

(f) Electrical control and instrumental problems. 

Applications are invited for the following super- 


annuable 
salary 
of work 


methane, 


posts :— 

PRINCIPAL SCIENTIST (Physicist), 
range £1895-£2195 inclusive, to take charge o 
of De C4 © above (Reference No. TT/807). 

SE SCIENTIST (Mechanical Engineer), 
ie .... ase £1595-£1895 inclusive, to take charge 
of (a) above, together with a gr oP ioe eed with 
theoretical work (Reference No. 

SENIOR SCIENTIST (Physicist a Mathe- 
matician), as above to take charge of 


(c) above (Ref icanen fee. TT. ). 
SCIENTIST, GRADE | (Physicist or ACs t Elec- 
), salary 2-£1650 
on research on 


trical Engineer), scale/range 
inclusive, to lead a group ¢ 

electronic instrumentation for use for 
laboratory measurements and conditions in 
=e (Reference No. TT/810). 





appointments, which are subject to the N. 
Conditions of Service, Local Government Super- 
annuation Acts ; a medical examination and termina- 
tion by one month’ $ written notice on either side. 

Candidates for the post of Assistant r must 
be chartered civil engineers, preferably with a Civil 
Engineering Degree, and have had experience in 
the operation, design and construction of waterworks. 

For the post of Engineering Assistant candidates 
must have experience in waterworks design and 
construction, and possess a Civil Engineering Degree 
or Parts I and II of the examinations of the Institution 
of Civil Engineers. 

Applications, containing particulars of age, quali- 
fications and experience, are to be addressed to Mr. 
Delwyn G. _ Davies, Engineer and Manager, by the 

7th S 1954, her with the names and 
ottonans of three referees. Canvassing will dis- 





wee and applicants must state whether to their 
| nee they are related to any member or senior 
Officer of the Board. 


Careful consideration will be given to the provision 
of housing accommodation if ramet 
C. J. WALKER, 
Clerk and Accountant. 
Weaverham Grange, 
Hartford, 
Near gan 
Cheshi 


33rd ide 1954. E9886 





BRITISH ELECTRICITY AUTHORITY 


MIDLANDS DIVISION 





DRAUGHTSMEN 





Applications are invited for the following appoint- 
ments in the Generation (Construction) Department 
at Wolverhampton. N.J.B. service conditions, 
superannuable ene. Salaries within 

Schedule ** D ’’ of the agreement 

(a) SENIOR DRAUGHTSMAN (Mechanical), 
Grade 4, £671-£780 per annum (Vacancy No. 
725MD). 

(b) TWO SENIOR DRAUGHTSMEN (Mech- 
anical), Grade 5, £567-£671 per annum (Vacancy 
No. 726MD). 

(c) ENGINEERING DRAUGHTSMAN (Mech- 
anical), Grade 6, £433—£567 per annum (Vacancy No. 
727MD). 

Applicants should have had experience in the 
layout of plant for new generating stations, including 
turbine, boiler or similar plant. A sound technical 
education and practical training are required ; 


be given only to candidates 
having First or good Second-Class Honours Degrees 
or equivalent professional! qualifications and having 

a proved poet both of achievement in research ‘on 


ability to lead a team. 

A ms should be sent to Dr. L. C. Tyte, 
Director, Central Research Establishment II, c/o 
National Coal Board, Hobart House, Grosvenor 
Place, S. Wag 1, giving full particulars (in chronological 
order) of age, education, qualificati 


relevant TT reference se quoted above. Original 
testimonials should not be forwarded. = date 
21st August, 1954. 





THE PARSONS AND MARINE 
ENGINEERING TURBINE 
RESEARCH AND DEVELOPMENT 
ASSOCIATION (PAMETRADA) 


COMBUSTION AND RESEARCH 
ENGINEERS 





The Parsons and Marine Engincering Turbine 
Research and Dev t Association (Pametrada) 
invites applications for the following vacancies :— 

(1) COMBUSTION ENGINEER, preferably 
pie gm B- Rpen turbine sensnanen per He should be 
capable o' degree of responsibility. 

(2) RESEAR CH ENGINEERS for work on 
full-scale steam 

(3) RESEARCH ENGINEER for Gearing Sec- 
tion. 

Candidates should be about 25-30 years of age, 
and should ee ee possess good Honours Degree 
Eng! a oy for (2) or Mechanical 

Engineering or Physics for (1) and (3). Good 
ll be paid, depending on age, experience 
and ————_-. 

Apply in writing to Research Director, Pametrada 
meant Station, Wallsend-on-Tyne. £9934 





MINISTRY OF WORKS 


ENGINEERING DRAUGHTSMEN 





ENGINEERING yeep pee required in 
London, Edinburgh, Glasgow and various provincial 
° 

Candidates must ae British na tionality, 





appropriate technical qualifications an ad 

Good conditions of employment and holidays ; 
opportunities for advancement ; canteen facilities 
available. 

Apply, quoting the vacancy number, on form AE6 
available from the Establishments Officer, 53, Wake 
Green Road, Moseley, Birmingham, 13, by 28th 
August, 1954. E9908 





SURREY COUNTY COUNCIL 





APPOINTMENTS 





ae are invited for the following appoint- 


aOF ASSISTANT ELECTRICAL ENGINEER, 
£735 by £25 to £810 p.a., plus 
Soles Weighting. Applicants should be Cor- 
porate Members o Inst. lec. Engineers and experi- 
enced in preparation of schemes, specifications, 
drawings estimates is, oat. Fe 5h of, 
installations of electrical se: ¢ buildings. 
at ASSISTANT HEATING and VENTILATING 
INEER, Grade he salary £735 by £25 to £810 
~ a plus London W. ting. Applicants should be 
Corporate Members a Inst. Htg. and Ventg. “y 4 
neers and should be experienced in schemes for 
installation of heating, ventilating and hot water 


supply services. 
(c) pend STRUCTURAL ENGINEER, 

Grade VII, salary £735 by £25 to £810 p.a., plus 
London Weighting. Applicants must be experienced 
designers of steel-framed buildings Fe have some 
knowledge of given 
to those who have passed the final examinations of 
Inst. Civil or Struct. Engineers. 

ot eee ne giving full details and present salary, 
accompanied by copies of three a testimonials, 
to the County Architect, County Hall, Kingston- 
upon-Thames, not later than the Vath Anan 1954. 








technical 
ational Certificate or equi- 
valent, aa 


at least three years. one in a drawing office, 
is one of tao Wlawiag entaneaias 3 — 
Mechanical : 


London salaries (men), £420 (at age 21) to £670 
Ries elsowbere Scicuas ten” Fouspeon of promonon 
y less. Seemneats py neo 


“Gene and full of and 
to W.0, MOIGE. 10 10 @, SGD, Ministry ‘ot Works, Abel 
House, John Islip Street, London, S.W.1. E9071 





BRITISH RAILWAYS 





SOUTHERN REGION 





ELECTRICAL ENGINEERING TECHNICAL 
ASSISTANTS 


ELECTRICAL ENGINEERING TECHNICAL 
ASSISTANTS are required for work co: with 
electric rolling stock. General workshop experience 
an advantage. Applicants should not 4 more than 
oo zene of 50s oe pare 0 sound eee Se 

having reached National Certificate in Elec- 

mandard, or equivalent. Com- 
mencing salary £350 p. a. at age 22, “rising to £521 10s. 
p.a. at a 30. App ts holdi: ing certain 
Sons may receive up to.£ 5 p.a. in excess of 
perp tates.—Applications in writing to be 
to Mec! and Electrical i , ia me. 
Thomas Street ,London Bridge, S.E.1. E9858 





Aug, 6, 
PUBLIC APPO! E 


— 


BRITISH ELECTRICITy Aur 







NORTH WEST, MERSEYSiDg 
WALES Division 

GENERAL ASSISTANT ENGiNg 
ENGINEERING) 


aa are invited for the any. 
RAL ASSISTANT ENGINES 
ENGINEERING) in the L 




























































































Construction Department, Sree of 
Liverpool. Salary £501/£639 
Grade 8, Schedule ‘‘ C,”’ 
subject to medical examination. Brit 
Applicants should preferably have 
National te and preferably be i 
Graduate Members of an appropriate the 
Some experience in the design and og 
power stations or in the works of  ,iM a 
of power station equipment js desi Lei 
successful Pips meen ne will be required to ; 
and constfustion of power g Ince 
reparation of specifi 
handling contracts, and fications hes tha 
eae. ‘ Si of 
: tion forms may be 
Di Controller, Beaconsfic if oe 
Liverpool. Closing date, 18th August, {¢ . 
EAST ANGLIAN REGiowg ™ 
HOSPITAL BOARD § .,, 
ARCHITECT'S DEPARTME ng 
ENGINEERING ASSisTants § 22 
ORAUGHTSMEN The 
evi 
at) ) ENGINEERING | Coma frot 
in flechanical yf ny oem En, et a 
licants must have experience j ; 
work. Commencing salary within a 
per annum, will depend on age and p rup 
oc since obtaining qualification, but vill this 
(2) DRAUGHTSMEN (Engineering, AS 
must have had Rs a Aare mo Cay 
engineering wor! y £360 at 2 
£545 s age 2! use 
pplications, stating age, qualificatiogy iNC 
ence, details of present posit 
addresses of three referees ey om 
117, Chesterton Road, Cambridge, by im C€T! 
1954, ma 
WINSON GREEN HO: rs 
BIRMINGHAM, \¢ des 
PEN que 
RESIDENT ENGINEER-IN-CH ad\ 
a cou 
RESIDENT ENGINEER-IN-CHARGHE the 
Salary £525 by £20 to £625. M: 
Pensionable position. House availabe iT 
able rent. Gil 
The duties are of a Bp nature in M 
with the op of I 
engineering services of the hospital, unde Dr. 
tion of the Group Engineer. u 
Candidates should have served an app co 
in mechanical engineering, possess thm Evi 
National Certificate in Mechanical Bo 
an equivalent qualification, and have } 
able practical experience in maintenance ™ Ha 
tion of steam boilers and plant, general lur; 


services, laundry machinery and electrical 
Other conditions of appointment in acco 
Whitley Council agreements. 

Applications, stating age, experience an 
tions, together with the names of three 
be sent to the Secretary, not later than fo 
after the appearance of this advertisement 





BERMONDSEY AND SOUT 
GROUP HOSPITAL MANAG 
COMMITTEE 


ENGINEER IN CHARGE 





Aerie tions are invited for the appo 
ENGINEER IN CHARGE, responsible 
Group Engineer for the engineering 
Olave’s ew Lower Road, Rotherhi 





engineering appren 
the Higher National Certificate in 
Engineering, First Class B.O.T. or equi 
certificate. 
Applications, stating age, education, ¢ 
and experience, with three copies of 
monials, to Group Secretary, New Cro 
Hospital, Avoniey Road, New Cross, S. 
seven days. 





















MINISTRY OF WO 


ZETSSLIFSSSRSSABRBSOSEFPSSSES CA 


SOUTHERN ENGLAND 











sta 
ASSISTANT CIVIL ENGINE A 
Ministry of Works has vacancies for bee 
CIVIL ENGINEERS for work on sites pat 
England. a must be of British an 
passed exemption ftv 
Aand B Scfthe a A.M.IL.C.E. examination at $0¢ 
experience of site construction work. for 
unestablished, these posts have long 
bilities and competitions are held 10 fill otk 
posts. Hostel accommodation is availa) res 
Salary ca8$ per £638 to £988 per annum ; ti 
up to £88. annum according to ur 
ants. —-hpeloation forms, quoting of 
ML L.N.S., Technical and Scientific Regi t 
King Street, $.W.1. int 
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pritish Iron and Steel Research Association 


In the course of his address to the members of 
the British Iron and Steel Research Association 
at its annual general meeting, Captain H. 
Leighton Davies, the chairman, said that the 
income for the year 1953 was slightly higher 
than for the previous year. The basic sources 
of the Association’s revenue were the British 
jron and Steel Federation, which had con- 
tributed £400,000, and the D.S.LR., which 
had contributed £75,000. Other sources of 
income had been from Conditional Aid Grants 
under the Mutual Security Act, research con- 
tracts, associate membership subscriptions, patent 
rights and investments. The demands for 
research work by the Association remained at 
ahigh level and many had to await their turn. 
The steady progress of the Association was 
evidenced by the many requests it had received 
from individual firms for help with their ad hoc 
problems. Assistance had been given in 
solving many of these problems without dis- 
rupting the normal programme of research, and 
this work had been useful in adding to the 
Association’s fund of accumulated experience. 
Captain Leighton Davies said that the “ steel 
users’ section’’ had been reorganised to give 
increased help to the many smaller members 
and associated members who were more con- 
cerned with the use of steel than its actual 
making. As many of the questions asked 
related to problems of corrosion, the Associa- 
tion's corrosion laboratory had arranged to 
devote more of its resources to answering 
questions on the subject through a corrosion 
advice service. To replace nine members of the 













IN-CH 

council leaving under the normal retirement rule 
HARGH® the following were appointed to the council :— 
wailave Mr. W. C. Bell, Mr. H. Edwards, Mr. W. F. 


Gilbertson, Mr. J. A. Kilby, Mr. D. A. Oliver, 
nag Mr. C. H. T. Williams, Professor A. G. Quarrell, 
ul, undege Dr. T. P. Colclough, and Mr. R. L. Walsh. The 
.m council co-opted the services of Sir Lincoln 
sess the Evans, deputy chairman of the Iron and Steel 
a 0@@ Board, and Mr. E. W. Colbeck and Mr. R. A. 


: Hacking, chairmen of the Association's metal- 
ccd lurgy and ironmaking divisions. 

in acco 

ence at United Kingdom Atomic Energy Authority 
_ Last Sunday, August Ist, the-United Kingdom 


Atomic Energy Authority, which was set up 
, under the Atomic Energy Authority Act, 1954, 
dU took over responsibility for atomic energy 
research and development from the Department 
E of Atomic Energy, which, under the Lord 
President of the Council, has operated the 
atomic energy establishments transferred from 
the Ministry of Supply on January Ist last. The 
Lord President will still be responsible to Parlia- 


g ef ment for atomic energy policy generally and for 
be on moneys provided for the new Authority. He 
sui mm «Will be assisted by a small staff of civil 
‘agg servants who will form his Atomic Energy 
equim Office. The Minister of Supply will continue 
a to be responsible for the provision of atomic 
Lam «Weapons to the Services and will place con- 
wis tracts with the Authority for the production 


of nuclear components of these weapons and 
research related to them ; but the Authority will 
0 be free to conduct experimental work which may 
lead to improved kinds of warheads for atomic 
weapons. The Atomic Energy Authority is a 
statutory corporation with an executive board. 
A full-time chairman and seven members have 
or Mg ©Deen appointed, four of them full-time and three 
my part-time, and it has been announced that 
onto another part-time member will be appointed 
ion soon. One full-time member will be responsible 
for finance and general administration, and the 
o fil @ Other three will be respectively responsible for 
n: a ‘esearch, production and weapons and for the 
* time being will also act as the executive directors 
cost =f the research, industrial and weapons groups 
into which the Authority’s establishments will be 








AuGusT 6, 1954 


divided. On July Ist the Lord President of the 
Council stated in the House of Lords that the 
following had been appointed to the Board :— 
Sir Edwin Plowden (chairman), Sir John Cock- 
croft, F.R.S., Sir Christopher Hinton, F.R.S., 
Sir William Penney, F.R.S., Sir Donald Perrott, 
Lord Cherwell, C.H., F.R.S. (part-time), Sir 
Luke Fawcett (part-time) and Sir Ivan Stedeford 
(part-time). From August Ist personnel of the 
Department of Atomic Energy, with the exception 
of those remaining in the Lord President’s 
Atomic Energy Office, have been seconded to 
the Authority for up to two years, and within 
this period they must decide whether to accept 
continued employment with the Authority or to 
return to the Civil Service. The principal 
Establishments taken over by the Authority are 
the Atomic Energy Research Establishment at 
Harwell with its dependency the Radiochemical 
Centre at Amersham; the Atomic Weapons 
Research Establishment at Aldermaston, near 
Reading ; the Industrial Group Headquarters 
at Risley, for planning and administration ; the 
Uranium-Ore Processing Plant at Springfields, 
near Preston, Lancs; the Plutonium Factory 
at Sellafield, Cumberland ; and the Gaseous 
Diffusion Plant at Capenhurst, for separation 
of uranium 235 from 238. In addition to 
these there is the power station being built at 
Calder Hall, Cumberland, and a further power 
station which is projected at Dounreay, in the 
north of Scotland. 


Aden Refinery Comes on Stream 


Tue oil refinery which the Anglo-Iranian 
Oil Company, Ltd., is building on a 270-acre 
site on Little Aden Peninsular, came on stream 
on August Ist, some four months ahead of the 
projected date. Construction of the refinery, 
which is designed to have an annual throughput 
of 5,000,000 tons, began in November, 1952, and 
has been mainly carried out by a consortium of 
Middle East Bechtel Corporation and George 
Wimpey and Co., Ltd., for the refinery, while the 
latter company has been responsible for the con- 
struction of the port, with Rendel, Palmer and 
Tritton acting as consultants. Since work 
started a total of 192,000 tons of material and 
equipment has been shipped to Aden, of which 
100,000 tons were required for permanent 
works. The main towers of the two crude 
distillation units, each of which has a throughput 
capacity of 2,500,000 tons per year of Middle 
East crude, are 140ft in height, 16ft in diameter 
and weigh 130 tons and are the first distillation 
units to be electronically controlled. The 
sulphur dioxide plant for the treatment of raw 
kerosene is complete and can treat 400,000 tons 
per annum. Several units have still to be 
finished and include the Autofiner, which 
will desulphurise power kerosene at the rate 
of 3000 barrels per day, and the Platformer, 
which will treat low-grade motor spirit at the 
rate of 12,000 barrels per day, to improve the 
octane number. Various ancillary plants, for the 
treatment of products from the main process 
units, such as the caustic washery, solutiser and 
copper chloride units, are complete, and also a 
large number of storage tanks. These will 
eventually reach a total of 101, the largest being 
designed to hold 24,000 tons of crude oil. Elec- 
trical power for the refinery is supplied by three 
turbine-driven 7500kW alternators, while the 
boiler battery provides steam at the rate of 
600,000 Ib per hour for all purposes. In the salt 
water pump house are six pumps, each of 
1,000,000 gallons per hour capacity, two to 
deliver cooling water to the refinery, two to 
provide cooling water to the power station and 
two to act as standby units. Several permanent 
wells drilled in the desert cater for the fresh 
water requirements, which will amount to 
1,750,000 gallons. per day when the refinery is 
operating fully. The port is designed to accom- 
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modate four 32,000-ton tankers and consists of 
one finger and two T-head jetties. In the refinery 
area about 400 miles of piping of various sizes 
has been laid and also two pipelines, 19 miles 
long, one 16in and one 6in in diameter, to join 
pe refinery to the bunkering installation at 
Aden. 


Shortage of Science Teachers 


In January last, a conference convened by the 
Federation of British Industries set up an inde- 
pendent committee to consider methods of 
improving the supply of science teachers to 
schools, with a view to alleviating the shortage 
which will occur during the years 1955-60, 
finding a long-term solution to the problem, and 
to put forward recommendations to the appro- 
priate authorities. The twenty-two members of 
this committee were drawn from the educational 
field, and from industry and other employers 
of scientists, and each member served in an 
independent personal capacity. The report of 
the committee has now been published by the 
Federation. It found that the shortage of science 
and mathematics teachers in schools was already 
serious and was likely to reach alarming propor- 
tions over the next five or six years. The prin- 
cipal cause of the shortage was that the relative 
financial position of science graduates in teaching 
and in industry has worsened for the teacher 
since the war. To those seeking a professional 
career in teaching, the disparity must be dis- 
couraging, and even to those who looked upon 
teaching as a vocation it was too great to be 
ignored. To help meet the general shortage 
of scientists, the committee recommends that 
university science departments should continue 
to expand. In addition, more boys and girls 
in the sixth forms of grammar schools should be 
encouraged to take science. To meet the special 
problem of the schools, the committee recom- 
mends a revised scale of salaries for graduate 
assistant teachers, the effect of which would be 
to give greater opportunity for promotion. 
It also recommends that there should be 
encouragement to transfer from research to 
teaching, that there Should be more publicity 
for teaching as a career and that there should be 
a modification of the terms of National Service 
for intending science teachers. 


Britain’s First Heavy Water Reactor 


THE United Kingdom Atomic Energy Autho- 
rity states that ‘“‘ Dimple,” Britain's first heavy 
water reactor, which has been built at the 
Atomic Energy Research Establishment, Har- 
well, is now in operation. ‘“ Dimple” (Deu- 
terium Moderated Pile, Low Energy) is a low- 
powered thermal neutron research reactor. It 
embodies a heavy water moderator (which slows 
down atomic particles to make the reaction more 
efficient) contained in a tank surrounded by a 
graphite neutron reflector. Outside this reflector 
is a concrete radiation shield and the reactor 
fuel is submerged in the heavy water. It is 
possible to make quick changes both in the 
kind of fuel and in its arrangement in the tank, 
so that what is, in effect, a different design of 
reactor can be built up in a matter of a few 
days. Because the reactor will only be operated 
at very low power its structure will not become 
sufficiently radio-active to prevent the handling 
that will be necessary in the research work for 
which the reactor is intended ; the behaviour of 
the wide variety of design can, therefore, be 
investigated experimentally in a relatively short 
time. ‘‘ Dimple’ should be useful in the design 
of future power producing reactors and in 
measuring essential constants in reactor physics. 
One of its first applications will be in experi- 
mental work for “ E.443,° the new and more 
powerful heavy water reactor which is now 
being built at Harwell to provide the high 
neutron flux essential for some research purposes. 
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Some Notes on the Development 
of Fairground Machinery 


By P. W. BRADLEY 
No. IV—{ Continued from page 148, July 30th ) 


Known facts about the development of the ordinary roundabout having been 
recorded in the previous articles, the following notes concern the once-popular 
amusement rides in which the revolving structure, or train of vehicles, ran on 
wheels on two circular rails, either flat, as in the ““Sea-on-Land”’ and platform 
galloping horses ; or else undulating, as in the switchback and electric scenic 


railway. 


URING the early stages of riding 
machine development there emerged 
various devices consisting essentially of a 
train of vehicles, sometimes rigidly coupled, 
running on a circular pair of rails. Some 
used flanged wheels and others a grooved 
rail section, and whilst some had a flat track, 
in others it was undulating. In certain cases 
the prime mover was incorporated in the 
revolving portion, but more often it was 
central, and power. was transmitted through 
a spinning frame. This article is concerned 
with machines of these classes; a future 
article will cover the further variant wherein 
the revolving sections are located positively 
to the centre, the circular track. still acting 
as a weight carrier, but no longer as a guide. 
At the outset it is worth noting that in fair- 
ground parlance the rails of circular track 
machines are always “trams”; show folk 
being among the very few who nowadays 
use that word correctly. 
The earliest recorded track device was the 
“* Sea-on-Land,” wherein six or eight minia- 
ture boats were given an oscillating motion 
while following a circular course. Although 
never very popular, the machine is note- 
worthy, first as the earliest known amusement 
ride having a secondary movement super- 
imposed on a simple continuous or harmonic 
motion ; secondly, as a very early example 
of co-operation between roundabout builder 
and showman ; and thirdly, on account of 
the remarkable degree of portability achieved 
in one of the designs specified. The machine 
was patented jointly by William Sanger, a 
prominent showman of the period, and 
Frederick Savage, in 1880. Each boat rocked 
on a horizontal axis which lay transversely 
below the centre of its bottom. The bearings 
of this axis were carried on a rectangular 
frame a little longer than the boat, and the 
axis carried a wheel at each end. These 
wheels ran in circular grooved trams of about 
4ft gauge and without undulation, and the 
six or eight frames were rigidly coupled. 
One of the wheels was keyed to the axis, as 
was a pinion which drove a gear wheel, a 
crankpin on whose face rocked the boat via 
links and a bell crank. Arms protruded 
inward from some or all of the frames, and 
horses could be harnessed to them; or a 
portable steam engine in the centre could 
drive the machine via reduction gearing and 
an overhead spinning frame. An alternative 
design involved the use of four wheels to 
each boat. The axis did not in this case 
carry wheels ; the axles of the two pairs 
being mounted beneath swivelling sub-frames 
or their equivalent. When the machine 
was built both sub-frames were locked to the 
main frame with the axles in the correct 
positions for circular travel, and a pinion 
on the hind axle then engaged the gear wheel 
of the rocking motion. For road travel the 
rear sub-frame was swivelled slightly to set 
the axle at right angles to the sides of the 
main frame, and again locked, the movement 
being sufficient to disengage the gearing. 


The front sub-frame was unlocked and, left 
free, served as a steerage carriage. Prepara- 
tion for a road journey, apart from these 
operations, involved only the lifting of the 
tram sections and their stowage under the 
boats, plus the dismantling of the access 
steps and ornamental masts and sails. No 
transport vehicles were needed and the same 
horses served a dual purpose. No high- 
capacity machine of the ensuing seventy-odd 
years has equalled the primitive horse- 
operated ‘‘ Sea-on-Land’’ for sheer port- 
ability. 

In 1885, a few weeks before Reynolds and 
King submitted the provisional specification 
for their “* double-crank ” galloping horses, 
Frederick Savage 
lodged the provisional 
specification for his 
** Platform Gallopers.” 
The linkage used in 
this class of ride is 
shown in Fig. 11 and 
is _ self - explanatory. 
The shaft carrying the 
eccentrics (six or 
eight, according to 
whether the machine 
was of three or four- 
abreast arrangement) 
was driven from the 
main axle through re- 
duction gearing in- 
corporating an inter- 
mediate pinion to 
avoid reversal. For 
road journeys the 
gearing could be dis- 
engaged. In Fig. 11 
dotted lines show the 
points at which the 
horse is pivoted to its 
supporting rods, and 
the numbers | to 4 
indicate the relative 
position of these 
support points as the 
eccentrics come round 
to each quarter. It 
will be seen that a re- 
markably good repre- 
sentation of galloping was obtained, much 
better in fact than any of the overhead crank 
actions achieved. The machine was pro- 
pelled by a steam centre engine of a kind to 
be described in connection with the switch- 
back ; the spinning top transmitted only 
turning torque, and was of lighter construc- 
tion than that of an “ overhead ” galloping 
roundabout. These machines were built in 
twelve or fourteen sections, with either 
thirty-six, forty-eight or fifty-six horses or 
birds ; sometimes circular cars spinning 
on vertical axes replaced the animals on two 
sections, and in later designs the steps were 
made continuous. The tram gauge in three- 
abreast sets was about 6ft 6in. Difficulties 
on the road with the unwieldy trains of loose- 
coupled two-wheeled sections undoubtedly 
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hastened the demise of these rides 

An elaboration of the “ Platform 
Gallopers” was the Savage “ Mountain 
Ponies ” machine. The development lay in 
that the pair of concentric grooved trams were 
made undulating, having two “ dips” ang 
two “ hills ” with a vertical rise of about 3ft, 
The “ sections ” were very similar to those of 
a “ Platform Gallopers,”” but were coupled 
by means of single “ frog’s mouth” for, 
and pin couplings which permitted the neces. 
sary relative movement. Towing was accom. 
plished through a linkage resembling that of 
a switchback, to be described shortly ; ang 
that machine, with its steeper hills, soon 
superseded the “‘ Mountain Pony ”’ ride, 

This was the end of the plain whee! seryj 
both when operating and on the road, and 
of the “ grooved” (actually trough section) 
tram. Incidentally, Savages event 
installed a special set of rolls at their works 
for the production of these trams in steel ; 
but early drawings (including one of a “ Seq. 
on-Land,” dated 1883) show a fabricated 
construction. Three pieces of timber formed 
the trough section and the running surface 
was steel lined, whilst the inclined walls had 
iron liners. 

The conventional single-flanged “ railway” 
wheel came in with the switchback proper, but 
we will first consider its use in connection 
with the one remaining two-rail flat-track 
machine, the “ Tunnel Railway.” This was 





Fig. 11—Action of Frederick Savage’s first ‘‘ Galloping Horse,”’ which 
was derived from wheels beneath the platform, running in circular 
double-grooved trams 


circular, roughly SOft in diameter and of 
about 2ft 6in gauge. Nearly half was enclosed 
in a tunnel. 

The train comprised a locomotive with fixed 
radial axles and inner wheels appropriately 
reduced in diameter, coupled to several roofed 
but otherwise open carriages. John Fowler 
and Co., Ltd., of Leeds, built two at least of 
these devices with locomotives of 0-42 
wheel formation and horizontal outside 
cylinders, and Savage Bros. also built several, 
producing for the purpose a very attractive 
2-2-2 engine with inclined cylinders and an 
abundance of bright brasswork. A valuable 
improvement was an elevated track, about 
3ft 6in above ground level, which not only 
rendered the train more conspicuous at 4 
crowded fair, but was in part laid on the 
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Fig. 12—The switchback was built in varicus} forms; all with eight ‘cars .running over :a 
circular track having two ‘“‘ hills ’’ and two “‘ dips ”’ 


platform of a road wagon. Hence the loco- 
motive need never be removed from the 
rails. ‘* Channel Tunnel Railways,” as they 
were often styled, were never numerous, but 
one example travelled the fairs regularly for 
over thirty years. 

The only known development of the 
“Tunnel Railway” was a_ remarkable 
circular riding device patented by Reynolds 
and King in 1886. A radial-axled railway 
locomotive ran on a small-diameter track 
within the circle of one of their double-crank 
galloping horses sets, as already described, 
and it propelled the roundabout either 
directly or via centre gearing in the opposite 
direction. The author long believed that 
this device never passed beyond the design 
stage, but an old photograph loaned by a 
former Burrell draughtsman and also a 
chapter of R. H. Clark’s recent Chronicles of 
a Country Works establish that at least one 
such machine was constructed, and by Charles 
Burrell and Sons, Ltd., of Thetford, whose 
road locomotives later found much favour 
among showmen. The known example had 
conventional clockwise rotation of horses 
and anti-clockwise running of locomotive and 
train; in fact, it appeared to correspond 
exactly with the excellent sectional elevation 
which illustrates the specification. This 
drawing incidentally shows a_ telescopic 
centre pole, which, as R. H. Clark mentions, 
was patented by F. J. Burrell in 1887. 
Whether this telescopic arrangement was 
hydraulically operated, in accordance with 
one of the provisions of Burrell’s patent, will 
probably never be determined, but undoubt- 
edly the machine existed and was probably the 
only power-driven concentric duo-directional 
roundabout ever to operate in this country. © 

We may now consider the circular switch- 
back, a machine which in its heyday ranked 
second only to the overhead crank galloping 
horses roundabout in popularity. Fig. 12 
illustrates a Savage-built example of this class 
of ride. The early development of this 
machine has escaped record, but all the 
essential mechanical features are embraced 
by Frederick Savage’s two patents of 1888, 
the first of which describes the driving gear 
and the second the clever compensating rail 
layout, which at once cured all the derail- 


ment troubles previously. experienced . with . 


these machines. The set shown in Fig. 12 is 
of the so-called“ standing top” type. The 
alternative “ spinning-top”’ pattern lacked 
the uprights and fixed roof structure. Instead, 
the spinning frame was of larger diameter 
and suitably decorated. Mechanically .the 
two varieties were essentially alike ; numeric- 
ally the standing-top pattern’ was rather 
stronger, and present-day ‘working survivors, 
as far as the writer can ascertain, amount to 
one of each. Switchback machines always 
had two hills and two dips, the difference in 
track level being about 5ft 6in. The track 
diameter (outer rail) was 40ft and the rails 
and walkway were supported by thirty-six 
braced rectangular frames, known as “gates,” 
dowelled to the short radial sleepers on which 
they stood. These sleepers were spaced by 
two circles of stretchers, and the taller gates 
were also spaced by stretcher bars. The tram 
sections were bolted to brackets fitted to the 
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tops of the “ gates.”” The whole “ bottom ” 
was remarkably rigid, and although numer- 
ous parts had to be handled when building it, 
almost all could be lifted and fitted by one 
man. Some owners devised ingenious colour 
coding schemes to facilitate sorting of the 
components. 

The trams were each in eighteen sections and 
were three in number. The outer and inner- 
most formed a rail gauge of about 2ft 8in, 
and on these ran the rear wheels of the cars. 
The outer and intermediate (“‘ compensating”’) 
trams formed a gauge of Sin less and the 
front wheels of each car ran on this pair. 
The outer tram was set out as a sine curve, 
whilst the inner two were arranged so as to 
support both inner wheels continuously. 
This meant, in practice, that at the hill tops 
and dip bottoms the inner and compensating 
rails were at one level. On the two falling 
grades the compensating rail (carrying the 
inner front wheel) was higher than the 
innermost rail (carrying the inner rear 
wheel), and vice versa on the rising grades, 
the variation reaching a maximum at 
the midpoints of the four inclines. The 
cars, always eight in number, had a com- 
paratively short frame and wheelbase, and 
with gondola ends folded inward could be 
stowed widthways on a road wagon. They 
were coupled by stiff drawbar rods universally 
jointed at each end to the underframes, and 
safety cloths carried on light chains with 
spring anchorages guarded the gaps between 
them. The car axles were, of course, set 
radially ; the wheel flanges were compara- 
tively deep, and one wheel of each ‘pair was 
free on the axle, being located by collars. 
Plain axle bearings were usual, although the 
author has seen one machine with a semi- 
elliptic leaf spring to each axlebox. Hard 
rubber treads, bonded to the wheels, were 
sometimes ‘used. 

Figs. 14 and 15 show the Savage twin- 
cylinder engine as designed and built for 
circular track machines. In varying sizes the 
same essential design was used in “ Sea-on- 
Land ”’ sets, “‘ Platform Gallopers,”’ “ Moun- 
tain Ponies,” and switchbacks of both types, 
Engine and gearing were more accessible than 
in the design described in the preceding 
article, and were generally preferred 
where possible ; they could not, however, 
be used in “‘ overhead ” galloping horses, the 
centre loading of which demanded direct 





Fig. 13—An electric scenic railway which was the heaviest class of machine ever to travel regularly in 
this country. Introduced about 1911, this machine was largely superseded by lighter, faster devices 
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support of the “pole” from the ground, 
together with adequate strutting. In this 
switchback type declutching was accom- 
plished by lowering the vertical countershaft 
A (Fig. 14) by a screw mechanism, so that 
the bevel wheel dropped out of mesh with 
the crankshaft pinion ; the brake operated 
on a drum within the cheesewheel, and was 
controlled by a hand wheel B in Fig. 14, 
alongside the regulator hand wheel. With 
an engine speed of about 200 r.p.m. the cars 
made rather less than seven circuits per 
minute. The truck stood on a gantry such 
that the boiler centre line was about 7ft 6in 
above ground level ; and, as in galloping 
horses, the gantry sometimes constituted a 
vehicle in itself ; and a suitably “squat” 
design of centre truck, for rail trans- 
port, was available as an _ alternative. 
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‘In the switchback towing gear the eight- 


section spinning frame carried four near- 
vertical rods C, known as “ Sullivans,”’ at the 
ends of alternate swifts. The lower extremi- 
ties of these rods were braced by a radial tie D 
to the parent swift, and by two longitudinal 
ties E to the adjacent swifts. The four 8ft 
long “pulling irons” F extended from 
universal couplings at the lower ends of the 
Sullivans to similar couplings bolted to the 
side frames of alternate cars, at approxi- 
mately mid-wheel base. Spinning-top ma- 
chines had additional intermediate swifts, 
making sixteen in all, but the towing layout 
was the same. Standing-top sets of Tidman 
manufacture differed in that the spinning 
frame was in twelve sections, although there 
were still only four Sullivans. This neatened 
the appearance to some extent, but was not 
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an improvement mechanically, since it de. 
pen the angle between tie rods ang 
Sullivan. Almost all switchbacks had ap 
“island centre”; that is, there were no 
radial sleepers to locate the thirty-six gate 
sleepers to those on which the centre gan 
was built. In erecting the machine the spinner 
was built first, and a triangular chain linka 
was temporarily attached to one swift. A 
marked link in this chain positioned the end 
of each gate sleeper in turn, the top being 
manually turned through 10 deg. at a time. 
In a few later examples locating sleepers 
forming a “spider bottom” were incor. 
porated, but in practice this proved to be 
something of a mixed blessing, since it took 
no account of any slight variation in the 
positioning of the centre truck on the gantry, 
With the older method exact concentricity 
was secured automatically. 

Switchback cars were transferred from | 
road wagon to track and vice versa by an 
ingenious device of which Frederick Savage 
is generally accepted as inventor. [t 
amounted to a revolving unequal seesaw 
plank, the pedestal of which was temporarily 
set in the “ 4ft way” at one of the dips. The 
long end of the plank was placed on a block 
on the car truck floor (the cars being stowed 
transversely) and the car was manceuvred 
along the plank on its axles, a somewhat 
hazardous operation owing to their angularity, 
With the car poised over the pivotal support 
against a temporary stop the plank was 
turned through a right angle, the stop block 
removed, and the long end of the plank 
raised, thus depositing the car on the trams, 
It was then run manually over the hill (an 
operation requiring no skill, but plenty of 
brute strength) and coupled to its neighbour 
in the other dip. In the meantime the car 
truck was drawn forward by a car’s width so 
that the next car could be unloaded. There 
were always two car trucks, each carrying 
four cars, and with spinning top sets one 
usually had an upper framework to stow all 
the parts of the revolving top at the appro- 
priate height. There was also always a flat 
truck, upon which the components of the 
“bottom” were stacked ; but otherwise 
transport arrangements vanied widely, as did 
the machines themselves, some including 
large quantities of carved woodwork, which 
occupied considerable packing space. The 
total number of vehicles, including centre 
truck and organ truck, varied from five to 
nine. 

There were two developments from the 
basic switchback. The first, of quite early 
introduction, was known as “ Rolling Gon- 
dolas,” but this achieved no great popularity 
and did not supersede the parent design. 
The difference lay in that the car bodies were 
flexibly mounted on their underframes and 
caused to roll by an arrangement of reduction 
gearing from one axle, a crank or eccentric, 
and suitable linkage. 

The second and final development of the 
switchback was the electric scenic rail- 
way, introduced in 1911 or thereabouts and 
built in fair numbers. This amounted to an 
enlargement of the standing-top switchback, 
with the centre engine and driving gear 
omitted, and an electric motor of about 
5 h.p. fitted in each car chassis. (A few 
early examples, probably switchbacks con- 
verted, had four larger motors in alternate 
cars.) These drove via roller chains to 
differentials on the hind axles. Two “live” 
rails were added between the outer and com- 
pensating rails and usually these covered 
only part of the circuit, since the eight motors 
and eight pairs of collectors were all paralleled 
by cables strapped to the drawbar rods. 
Otherwise, other than in size and weight, the 
“bottom” resembled that of a later 
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gwitchback, having the same thirty-six 
“gates,” Whilst the spider was an obvious 
necessity. The vacant space in the centre 
was occupied by a very large organ in a 

on about 24ft in length, and in some 
designs a waterfall was incorporated, operated 
by a centrifugal pump. 

Most of the earlier scenic railways had 
“motor-car””’ cars ; Messrs. Savage special- 
ied in these, as depicted in Fig. 13, and they 
built one such set as late as 1920. Dragons, 
whales and peacocks later became usual, and 
the last known new scenic railway appeared 
in 1928. Several examples survive in perma- 
nent amusement parks, usually shorn of most 
of the elaborate decorative features, but a 
genic railway is now an extremely rare 
sight at a travelling fair. The machines were 
very heavy and bulky, transport involving 
the use of from seven to nine wagons, all 
at least 22ft in length. The seesaw device 
could not be used for car railing, owing to the 

nce of the driving gear and the increased 
size and weight of the cars ; instead, a crane 
was attached to one of the road locomotives 
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accompanying the machine ; special elec- 
trical equipment was also required. The 
scenic railway was the heaviest machine 
commonly seen at English fairs at any period. 
Orton, Sons and Spooner, of Burton-on- 
Trent, undertook their manufacture as well 
as Savage Bros. Finally, it should be ex- 
plained that in fairground parlance scenic 
railway, or “scenic,” means a circular 
switchback, electrically driven as just de- 
scribed. The large gravity operated devices 
seen in fixed amusement parks are generally 
called “‘ Figure Eights” ; whether or not 
_ resemble that figure when viewed in 
plan. 

Grateful acknowledgment is due to Savages, 
Ltd., whose present managing director (Mr. 
J. Stephenson Pilling) and works manager 
(Mr. A. R. Johnson) have made available 
much interesting data concerning Savage- 
built riding devices in general and those 
described in this article in particular. The 
assistance of Messrs. Francis J. Buckley and 
F. C. L. Stokes is also gratefully acknow- 
ledged. 


(To be continued ) 


Maintenance Policies and Methods’ 


By L. A. 


FERNEY 


Maintenance of plant should be carried out in accordance with certain definite 


aims. 


Those aims are mentioned and the procedures of maintenance are examined 


in relation to the aims. It is shown that for any given plant there should be a defined 


minimum cost associated with a particular degree of preventive maintenance. 


The 


article concludes with the suggestion that an investigation into maintenance at an 
iron and steel works might well repay its cost. 


POLICIES 


AINTENANCE of plant should be 

carried out in accordance with a deliber- 
ate aim or aims, of which there can only be 
three legitimate ones :— 

(1) Ensuring the continuity and timeliness 
of operations. (“ Trains must run on time.”) 

(2) Ensuring low cost and high efficiency of 
operations. (Lubrication; grinding-in of 
fuel valves to reduce fuel consumption of 
prime movers.) 

(3) Ensuring safety of personnel, public and 
plant. (Tapping railway coach tyres.) 

Whilst the highest interest of an enterprise 
may demand that any two, or all three, aims 
be pursued simultaneously, their relative 
importance and value will not be equal. For 
this reason it is necessary that, in respect of 
every maintenance routine and job, the ulti- 


» mate aim is clearly understood. 


METHODS 


_ Whichever maintenance policy is chosen, 
it can be carried out in practice by one of 
three procedures or methods :— 
Acknowledgment is made to Mr. B, Crawley’s “ The 
Servicing of Aircraft, &c..” Journal of the Royal Aeronautical 


Society, December, 1949, 1100-1104, parts of which have 
been reproduced by permission of the publishers and author. 





Preventive Costs 


Ad Hoc Costs 








(A) Ad hoc maintenance, i.e. waiting for a 
part to break and then to repair it. 

(B) Preventive maintenance by inspection 
and rectification. 

(C) Preventive maintenance by replacing at 
stated intervals (before actual breakdown and 
with or without inspection). 

CATEGORIES OF MACHINERY 

From the point of view of the maintenance 
engineer, machinery and its parts fall into 
two of several categories. Two of them will 
deal with predictability :— 

(i) Those with a predictable life. 

(ii) Those whose lifetime is random and 
unpredictable. 

Another pair of categories deals with 
** inspectability ”” :— 

(a) Those, the observable conditions of 
which give warning of an approaching 
failure (wear, cracks, corrosion) ; these are 
“* inspectable.” 

(6) Those that are “ uninspectable.” 

There are thus four categories of parts :— 

(ia) These fully qualify for preventive 
maintenance by inspection or replacement. 

(ib) These do not qualify for preventive 
maintenance. 


Ensuing Costs 
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(iia) These qualify for inspection pro- 
cedure. - 

(iib) Should never be inspected and should 
be replaced only on failure. 


DISCUSSION 

This analysis of possible policies, methods 
and types of machines clearly demonstrates 
that decisions as to which, or combination of 
which, is to be adopted in practice cannot 
be made lightly. The general picture must 
be well understood, the cost of outages 
determined and the cost of running any 
maintenance policy estimated. In many 
cases the loss of revenue or convenience is so 
great (e.g. public utilities) that it may well 
be worth spending very large sums on pre- 
ventive maintenance, provided it can be 
demonstrated that a correlation exists be- 
tween the amount of such work done and the 
service availability. Preventive maintenance 
is steeply subject to the law of diminishing 
returns. If this is not appreciated a pre- 
ventive maintenance scheme may grow into 
a Frankenstein monster. 


ECONOMICS 


Moreover, as many defects are purely 
random by nature, some defects are still 
bound to arise however much preventive 
maintenance is carried out, as illustrated in 
Fig. 1, which shows the economics of 
maintenance and of outages in the case of a 
straight preventive maintenance scheme. 

Fig. 1(a) shows the actual costs of preventive 
maintenance plotted against defects that will 
still remain at the various levels of pre- 
ventive maintenance expenditure incurred. 
The curve is based on the assumption that 
complete elimination of defects is impossible, 
however much is spent on prevention. It 
clearly illustrates the steep law of diminishing 
returns, which is believed to apply in this 
situation. 

The defects occurring after preventive 
maintenance must be dealt with on an ad hac 
basis ; the cost of dealing with them is 
shown in Fig.1(b). Here it is assumed the cost 
of repairing actual breakdowns increases 
directly with their number. 

These repairs will cause plant outages, 
resulting in loss of revenue, which are here 
called “‘ ensuing costs” ; they are shown in 
Fig. l(c). Their total cost is assumed to be 
proportional to their number. 

The total costs of defectiveness is the sum 
of the amounts spent on preventive and on 
ad hoc maintenance and of the ensuing costs. 
This sum is plotted in Fig. 1(d). It will be 
seen that it has a fairly distinct minimum 
point, so that if we tried to reduce defecis 
that still occur below this point, by ex- 
tended preventive maintenance, the total 
cost becomes higher rather than lower. 

All four graphs have been plotted empiric- 
ally. Their actual shapes will vary from 
plant to plant and the minimum point may 
be more or less pronounced than is shown in 
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the example. However, it is this kind of 
procedure which enables the correct selection 
of the approximate amount of preventive 
maintenance to be fixed. Fig. 1 (c) can be 
computed from the revenue figures for the 
plant. Fig. 1(6) can be obtained by a 
regression analysis of a large number of 
breakdown repairs ; whereas Fig. | (a) can 
either be plotted empirically or obtained from 
a series of planned experiments taking a pro- 
tracted time to carry out. Whether such 
refinements to the approach of maintenance 
are worth while will depend on the total 
sums spent on maintenance and lost by plant 
outages (ensuing cost). 


PREVENTIVE MAINTENANCE 


Preventive maintenance has certain im- 
portant inherent features :— 

(i) Periodic inspections, which are basic to 
the concept, mean the dismantling of a com- 
plex machine, taking several hours, in order 
to inspect an allegedly vulnerable part ; the 
actual inspection may take only a few 
minutes ; the machine then has to be re- 
assembled, which again takes several hours. 
This is a source of wasted labour. 

(ii) The secondary effect of any inspection 
system is that it creates “ disturbances.” The 
disturbances are believed to be caused by the 
inaccuracies and faults arising out of and 
during the reassembling of machines or 
machine parts, so that in some cases a 
machine recently inspected becomes more 
liable to trouble than one which has not been 
disturbed—see Fig. 2. That this applies to 
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Weeks Since Last inspection Weeks Since Last Inspection 
Fig. 2—‘‘ Disturbance ”’ effect caused by 
inspections of delicate machinery 


all kinds of machines is unlikely, but certainly 
some complex radio and radar equipment 
tends to behave this way. 

(iii) On the other hand, in the case of more 
robust and orthodox machinery (mechanical 
plant) troubles tend to rise between inspec- 
tions, to drop slightly immediately after 
inspection and gradually to rise again with 
the lapse of time—see Fig. 3. The significant 
point is that the rise in troubles is not from 
zero, but from a fairly high level (60 per 
cent to 80 per cent of the maximum reached). 
The implication is that these basic troubles 
are purely random by nature and are caused 
by a multitude of factors ; and that but a 
small proportion of potential troubles are 
inspectable and preventable. 

These considerations are of interest prin- 
cipally in the case of either a very complex, 
large and expensive machine or in a group of 
simpler machines acting in a chain as one 
large complex production unit. A classic 
example of the first kind of machine is a 
large modern aircraft, which has engineering 
problems in all branches of the science, and 
where there are very large numbers of parts 
subject to fatigue, corrosion, erosion, &c. 
An oil refinery may be cited as an example of 
the second kind of plant. 

(iv) Organised teams of maintenance men 
carrying out specified work at predetermined 
intervals can do such tasks efficiently, quickly 
and cheaply, as compared with the cost and 
time taken to do similar work under emerg- 


THE ENGINEER 


ency conditions created by a breakdown. 
Preventive maintenance is a more sophisti- 
cated method of dealing with breakdowns 
than the unplanned approach, but there is a 
danger that any prearranged maintenance 
system may, with the lapse of time, become 
traditional, formal and misleading. 
Preventive maintenance by replacement is 
an even more refined technique. Its raison 
d’étre is the cheapness of mass-produced 
parts and the expensiveness of skilled ad hoc 
work. A classical example of its rightful 
application is in the case of chandelier main- 
tenance in a cathedral: if a 2/6 bulb is to 
be replaced this necessitates the procurement 
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Weeks Since Last inspection Weeks Since Last Inspection 
Fig. 3—Effects of inspections on robust 
machinery 


and installation of temporary staging at a 
cost of £10. If the chances of the remaining 
forty-nine bulbs going within a short period 
are considerable, it would pay to remove 
them, even though they may still have an 
appreciable useful life. In fact, the best plan 
is to replace all bulbs at intervals calculated 
from life expectancy data supplied by the 
makers, and never to replace individual bulbs 
in between. The example is, of course, over- 
simplified, but it illustrates the point. 

There exists a subdivision of this method : 
small vulnerable mechanisms forming parts of 
large machines are periodically replaced by 
identical “ service units ” and are later over- 
hauled in a depot and then become service 
units themselves. This reduces the outage 
time of the large machine and reduces the 
cost of replacements. Heavily loaded elec- 
trical contactors controlling some important 
machine are a fairly typical example. 


MAINTENANCE IN AN IRON AND STEEL WORKS 


So far the principles involved have been 
discussed in general. It may be useful to 
consider how they can be introduced into 
a large undertaking, for instance an iron 
and steel works. 

The plant in such a works can be classified 
into the following categories :— 

(1) Service Units. 

Water supply pumps. 

Electric power generators. 

Gas producers. 

Compressors and blowers. 

(2) Service Distribution Channels. 

Electricity distribution system. 

Water distribution system. 

Compressed air distribution system. 

Gas distribution system. 

(3) Material Handling Equipment. 

General : External: ships, railways, lor- 
ries ; Internal : railways, lorries, conveyors, 
bogies, stacking trucks, movable cranes. 

Specialised : Cranes, charging machines, 
conveyors, special appliances. 

(4) Production Machinery. 

Furnaces, rolling mills, shearing and crop- 
ping machines, &c. 

The maintenance principles and methods 
to be applied to each category will vary, both 
in accordance with the nature of the plant 
involved and with the numbers of pieces of 
identical equipment and other considera- 
tions. Of the latter, one of the most im- 
portant is the degree of standardisation of 
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plant. If, for instance, all electric Starters 
are of the same make and are produced by 
manufacturers who, themselves, hay 
achieved a degree of standardisation withj, 
their own range of products, the aspect jg 
quite different to the situation where no sy¢} 
standardisation is present. 

In considering the situation each catego 
of plant must be first of all investigated anq 
the whole picture integrated by Seeking 
analogies even where they are not apparent. 
Quite frequently, economical factors mys 
be cgnsidered not strictly connected with the 
problem of maintenance. Thus, it is welj 
known that it may well pay to utilise cranes 
to no more than 50 per cent of the full time 
available in order to reduce crane waitin 
times to a minimum and get a better utilisg. 
tion of the machines which such cranes serye. 

An assignment covering maintenance of ap 
iron and steel works is both protracted and 
involves a number of investigators, thy 
rendering it somewhat expensive, but the 
expected yield from such an investigation 
should be very high : the installation of q 
proper maintenance scheme may reduce costs 
by, say, ten to one hundred times the cost of 
the investigation allowing for both direct 
and indirect benefits. Included in the 
latter is a considerable reduction in the stocks 
of spares to be carried and a higher degree of 
plant utilisation than has been possible 
heretofore. As economies from other tre 
forms, such as reduction in fuel costs or 
indirect labour costs, are even more difficult 
to attain and usually involve fresh capital 
expenditure (in the case of iron and steel 
works), it is suggested that an investigation 
into maintenance at such a works should be 
one of the first steps in its rationalisation pro- 
gramme. Stores and stock control would be 
either a by-product of such a project or 
should be undertaken about the same time. 

All this work depends to some extent on the 
correct application of statistical principles 
and would thus qualify as what is nowadays 
known as “ operational research.” The 
latter term is used tO describe a scientific 
approach to problems of industry in which 
an understanding of technology and the 
ability to draw correct conclusions from facts 
and figures are closely integrated. It is a 
field in which engineers, statisticians and 
mathematicians all contribute. Such a pro- 
gramme of rationalisation needs one person 
in charge, three or four immediately under 
him and six or seven engineers and scientists. 
If a sufficient number of investigators is re- 
cruited it should be possible to complete the 
project and install a rational maintenance 
policy within a year or so. Ifstores and stock 
control are dealt with in parallel, the project 
would call for a few more people and com- 
pletion of the side project would take place 
shortly after that of the main one. 

The success of such a project depends not 
merely on the mechanics of systems, &c., but 
on the indoctrination of all concerned with 
the correct spirit and understanding of all the 
problems involved. It can thus be carried 
out successfully only with the full moral 
support of higher management and under the 
enthusiastic and energetic guidance of the 
head of the project and with the help of 
executives imbued with a full appreciation of 
the scheme. 





LarGe STEAM TurRBINES.—A booklet entitled ‘“ Large 
Steam Turbines’’ has been issued by The Generil 
Electric Company, Ltd., Fraser and Chalmers Engineer- 
Works, Erith, Kent, as a companion to its publication, 
“ G.E.C. Electrical Plant for Power Generation.’’ 
booklet describes the exacting test procedures necessitated 
by the severe conditions which occur in modern practice 
and gives much information regarding design af 
operation. The text is illustrated with photographs 4 
diagrams, and arrangements are shown of installations 
of up to 120MW. 
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Phenomena Associated with the 
Disintegration of Fuse Wires 


By A. E. BARRINGTON, Ph.D., B.Sc.* 


By means of experiments in air, both at atmospheric and reduced pressures, and 
improved recording technique, modern theories as to the manner of break-up of 
fuse wires under short-circuit conditions are confirmed. Also, the characteristics 
of heavy-current arcs, following disintegration of the wires, are discussed. Based 
on experimental results, a novel reduced-pressure fuse is described. 


LTHOUGH fuses have been in use for 

about seventy years, it is only during 
the last twenty years that current interruption 
by this means has been the subject of more 
detailed investigations. Little attention, how- 
ever, has been given to the actual mechanism 
of break-up of fuse wires, and only few 
published results are available. Owing to 
the great improvement in recording technique 
in recent years, it is now possible to give a 
more precise account of the phenomena 
involved, based on experiments in air at 
atmospheric and reduced pressure. 


MECHANISM OF BREAK-UP OF FUSE WIRES 


At Atmospheric Pressure.—The manner of 
break-up of a fuse wire carrying a current is 
governed by the temperature distribution 
along the length of the wire. This in turn 
depends on the dimensions and physical 
properties of the wire, and on the magnitude 
of the overload current. The earliest formula 
relating to these factors is Preece’s well- 
known equation! which states that for wires 
which do not oxidise appreciably in air, 


I nin= Ad**, 
where Jin is the minimum fusing current 
(ie. the current which would cause the wire 


to fuse after an infinitely long period of 
time), A is Preece’s coefficient depending 
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Fig. 1—Temperature rise and manner of break-up of 
fuse wires 


on the material of the wire, and d is the dia- 
meter of the wire. In the following discussion 
it will be assumed that the current in the 
wire exceeds the minimum fusing current. 

For a current only slightly in excess of the 
minimum fusing current, the temperature 
distribution is substantially that shown at 
(a), Fig. 1.2 Heat generated in the wire is 
largely conducted away by the terminals and 
in general only a single break will result 
near the centre of the wire ((b), Fig. 1). 
When a current greatly in excess of the 


* Royal Naval Scientific Service. 





minimum fusing current is suddenly made to 
flow in the wire, the temperature distribution 
along the wire is substantially uniform,” 
except for a small temperature drop near the 
terminals ((c), Fig. 1), and most of the heat 
generated results in a uniform temperature 
rise along the length of the wire. This 
corresponds to short-circuit conditions which 
frequently arise in practice. It might be 
expected that in this case the whole of the 
wire will melt and vaporise uniformly, and 
this has in fact been assumed by many 
workers in this field.»*5 However, by 
means of high-speed photography it was 
shown by Ende,® and confirmed recently by 
Maury,’ that even under the most severe 
conditions uniform vaporisation does not 
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Fig. 2—Arc formation after break-up of fuse wire on 
heavy overload 


e 

occur. Owing to surface tension effects 
during the period of liquefaction, the wire 
assumes a shape approximating to an undu- 
loid [a solid of revolution the generating 
curve of which is of sinusoidal form, ((d), 
Fig. 1]. In the portions of smaller cross- 
section increased heating then occurs, and, 
furthermore, the electromagnetic effects due 
to the current in the wire® are greatly accentu- 
ated. They are: (i) a uniform radial con- 
stricting pressure, 


P=wul?/100nr? dynes/cm? of surface, 


where. » is the permeability of the material 
of the wire, r is the radius of the wire in 
centimetres, J is the current in amperes. 
(ii) A longitudinal force from the smaller to 
the larger cross-section, 


P=(I?/100) log,(r,/r2) dynes, 


where r, is the larger and r, the smaller 
radius ((d), Fig. 1). 

Where the cross-section is reduced these 
effects combine to accelerate unduloid for- 
mation, and eventually the wire breaks up 
into a number of spherical drops (globules), 
the number of which is practically inversely 
proportional to the wire diameter and 
constant per unit length of wire.*"® Maury’ 
also showed photographically that these 
globules do not form simultaneously. In 
fact, a time interval of a few microseconds 
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separates the formation of successive globules, 
while current-flow in the gaps between them 
is maintained by very short arcs which will 


be referred to as “ elementary arcs.” Follow- 
ing vaporisation of the metallic globules, 
the elementary arcs combine to form a 
single arc and successful circuit interruption 
depends on the ability of the fuse to extin- 
guish this arc. 

As already stated, until recently it was 








Atmospheric pressure. Peak transient voltage 810V. Timing. 
wave 1000 c/s. Arrows indicate elementary arc formation. 


Fig. 3—C.R. oscillogram of voltage during rupturing 
of 0:92mm diameter copper wire 


assumed that instantaneous vaporisation of 
the wire occurred under short-circuit con- 
ditions. This assumption was based on 
oscillograms obtained at relatively low writing 
speeds. A typical voltage oscillogram as 
obtained with a Duddell oscillograph is 
shown in Fig. 2. At O the short-circuit is 
initiated. The initial portion OA represents 
the voltage drop across the wire prior to 
break-up. At A, corresponding to 4, the 
wire disintegrates and a steep-fronted voltage 
transient attains its peak at B (instant f.). 
The steady state is finally reached at C, which 
corresponds to the voltage required to main- 
tain the single arc between the fuse terminals. 
Prior to the discovery of elementary arc 
formation it was thought that the voltage 
transient AB was due to the sudden replace- 
ment of the metallic wire by a column of 
metal vapour. A study of metallic vapours 
by Mayr?® had shown that vapours of the 
low boiling point metals commonly employed 
as fuse elements are good insulators at their 
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Compare voltage (lower trace) with Fig. 3. Arc 
Circuit cleared by master circuit 


Applied voltage 350V r.m.s., 50 c/s. 
) 4450A. 
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restrikes second half-cycle. 
cr. 
Fig. 4—Duddell oscillogram obtained simultaneously 
with C.R. oscillogram (Fig. 3) 


vaporisation temperature where thermal ion- 
isation is negligible. It was assumed, there- 
fore, that the sudden insertion of such an 
insulating column in a circuit would result 
in a large over-voltage due to the self- 











Fig.. 5—Commercial fuse vessel adapted for testing at 
reduced pressure 


inductance of the circuit, this in turn would 
cause dielectric break-down of the metallic 
vapour. However, Baxter,” with a cathode- 
ray oscillograph and rotating-drum camera 
obtained records which indicated the forma- 
tion of the transient voltage in a series of 
steps and he also showed by calculation from 
oscillograms of voltage and current that the 
pre-arcing energy (i.e. the energy supplied 
during the time interval OA, Fig. 2) was less 
than that required for complete vaporisation 
of the wire. Using a single-sweep time base 
the writer has obtained voltage records which 
indicate multiple break-up in very much 
greater detail. Figs. 3 and 4, which were 
obtained simultaneously, show the break-up 
of a 0-92mm diameter copper wire, 24cm 
long. Multiple arc formation is clearly seen 
on the cathode-ray oscillogram (Fig. 3), but 
no such information is obtainable with the 
Duddell oscillograph (Fig. 4). Using the 
(current)?-heat integral method suggested by 
Gibson and Lucchi,"* the writer has calcu- 
lated from a large number of experimental 
results that, even under the most severe con- 
ditions, the pre-arcing energy was never in 
excess of the energy required to raise the 
wire to its melting temperature, in addition 
to only a portion of the latent heat of fusion. 
This is in good agreement with Baxter’s 
earlier results.“ 

At Reduced Pressure—To obtain further 
evidence as to the manner of break-up of fuse 
wires, a large number of experiments was 
carried out using commercial test vessels 
of varying lengths as shown in Fig. 5. With 
suitable modifications these vessels could be 
evacuated to a pressure of 10-* to 10-‘mm Hg. 
As in the previous case at atmospheric 
pressure, the manner of break-up was largely 
dependent on the magnitude of the overload 
current. However, records of voltage on 
heavy overload show a striking difference 
as compared with those obtained at atmo- 
spheric pressure. Figs. 6 and 7 correspond 
to Figs. 3 and 4, and it ic seen that the magni- 











Reduced pressure. Peak transient voltage 200V. Timing 


wave 1000 c/s. 


Fig. 6—C.R. ee See ae ees 
of 0-92mm diameter copper 
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tude of the transient voltage is very greatly 
reduced. The writer has calculated the 
pressure which would result from complete 
and uniform vaporisation of the wires 
tested, and this was found to be greatly in 
excess of atmospheric pressure. The voltage 
required to break down a vapour column 
under such conditions would, according to 
Mayr’s theory,’® be very much larger than 
that obtained experimentally. However, 
the reduction of the transient voltage can be 
readily explained by means of the multiple-arc 
theory. 

If a wire is heated in vacuum, it is to be 
expected that some surface evaporation 
occurs prior to disintegration, and the test 
vessel thus contains a certain amount of 
metal vapour at the instant of break-up. 
It is known that electrical break-down of 
this vapour may be brought about either 
by the application of a high-voltage pulse 
to the electrodes, or by the establishment of 
an auxiliary arc (starting mechanism of 
mercury-are rectifier). Either method pro- 
vides a source of ionisation. In the fuse, this 
initial ionisation is provided by the first 
elementary arc formed as the wire dis- 
integrates. Owing to the ldw gas pressure 
in the test vessel, the mean free path of the 
charge carrying particles is long, and they 
will diffuse rapidly throughout the volume 
of the vessel. Provided the voltage across 
the fuse terminals is of sufficient magnitude, 





Applied vol 200V r.m.s., 50 c/s. 
trace) 4250A. 5 voltage (lower trace) with Fig. 6. 
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Fig. 7—Duddell oscillogram obtained simultaneously 
with C.R. oscillogram (Fig. 6) 


this process leads to complete break-down 
of the metallic vapour in the vessel, resulting 
in a low-pressure arc discharge which 
by-passes the remaining solid or liquid 
portions of the wire. Similarly, at atmo- 
spheric pressure, owing to the very short 
mean free path of the charge carrying 
particles, any discharge is confined to the 
gaps between breaks in the wire, as demon- 
strated in the previous section. 

It is to be noted that the process of break-up 
of a wire on heavy overload at atmospheric 
pressure is accompanied by a loud detonation, 
and if the wire is contained in a closed vessel 
this generally leads to the destruction of the 
vessel owing to the very high pressure 
resulting from the rapid expansion of the 
air and metallic vapour (pressures up to 
500 Ib per square inch have been measured"*). 
At reduced pressure, however, no sound 
effects were observed, and no damage to the 
test vessels resulted, even- with currents 
exceeding 4000A. 


CHARACTERISTICS OF THE ARC DISCHARGE 


At Atmospheric Pressure.—Following the 
combination of the elementary arcs into a 
single arc, current flow will be maintained 
if the circuit voltage exceeds the arc voltage, 
and, with alternating current, the arc may 
or may not restrike during following half- 
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Fig. 8—Current-voltage characteristics after break 
of fuse wires 


cycles. This depends on a number of factors 
which are discussed at length in the literature, 
For successful fuse operation which leads 
to extinction of the arc, it is essential that 
the arc voltage should exceed the circuit 
voltage.» #® A discussion of existing kinds 
of fuse is beyond the scope of this paper, buta 
useful summary can be found elsewhere! 
In most modern fuses the fuse element is 
placed*in a cartridge containing a granular 
refractory filler which restricts the arc dia- 
meter and also absorbs a large amount of 
heat from the arc, thus raising the arc voltage 
beyond the circuit voltage. If no filler is 
used, conduction is greatly assisted by 
thermal ionisation of the neutral air mole- 
cules, the effect of which increases with 
increasing currents and produces the familiar 
negative characteristic shown in Fig. 8. 
This curve was obtained from a number of 
tests where the fuse wire was placed in a 
fuse vessel open to the atmosphere at each 
end; it represents the simplest type of 
expulsion fuse,!” where the sudden expansion 
of the air in the vessel results in a blow-out 
effect. Such a fuse is unable to deal with 
currents in excess of a few amperes at com- 
mercial system voltages. 

At Reduced Pressure-—Here conduction 
can take place only in the metallic vapour 
present, and after this vapour is completely 
ionised the current can increase only by 
increasing the speed of the electrons.” 
This requires an increased arc voltage and 
results in the positive characteristic shown in 
Fig. 8. The nature of the low-pressure arc 
is further illustrated by Fig. 9. The intercept 
on the voltage axis represents the voltage 
drop at the electrodes which amounts to 
about 60V. The voltage gradient is 5:6V 
per centimetre. These values are typical 
and in good agreement with those obtained 
by other investigators. From Fig. 8 it is 
seen that values of arc voltage at reduced 
pressure are below those obtained with the 
expulsion fuse, and little protection can be 
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Fig. 9—Voltage gradient of arc after break-up of fuse 
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expected from such a device. However, 
cnterestiNg information can be obtained 
fom the restriking~ characteristics Po the 
jow-pressure a.c. arc. As may be ¢ 
these depend on the length of the fuse vessel 
oD the magnitude of applied voltage and 
arc current. Irrespective of the material 
of fuse wires and electrodes, restriking 
occurred in fuse vessels up to 35cm long 
for voltages exceeding 1000V. At 350V, on 
the other hand, the material of the wires 
tly influenced the restriking charac- 
teristics (Table I). It might be expected 


TasLe I.—Restriking Characteristics of Elements at 
Reduced Pressure with Copper Electrodes 
Vaporisation Ten to restrike at 
Metal temperature, 350V rms. 
deg. Cent. 
, ae 87... At each current zero 
Aluminium ee At each current zero 
Silver «-- ++ 2. ae At first or second current zero 
Copper... «+ SOO oes | ons No 
fons 2000...» At each current zero 
Tungsten SUE ace wee No 


that the rate at which the metallic vapour 
condenses will depend on the vaporisation 
temperature, and will increase as this tem- 
perature increases. The dielectric strength 
of the vapour will increase if sufficient vapour 

is condensed to restore the low pressure 
which existed prior to the disintegration of the 
fuse wire. If the rate of condensation is 
sufficiently high, this will make restriking 
more difficult as the voltage reverses. Except 
in the case of iron, this was in fact observed 
with all the metals used. Although the 
vaporisation temperature of iron is higher 
than that of copper, restriking invariably 
occurred when iron wires were used. It is 
known” that re-ignition of arcs occurs more 
easily with iron electrodes than with copper 
or other low boiling point electrodes. Because 
of the high vaporisation temperature of 
iron, such arcs are probably partly main- 
tained by thermionic emission from the 
cathode, while, with low boiling point elec- 
trodes, electron emission appears only to be 
due to a very high potential gradient at the 
cathode (field emission). In the present case, 
it is likely that iron particles are deposited 
on the electrodes and assist in the establish- 
ment of a cathode spot on the anode of the 
previous half-cycle, as the circuit voltage 
reverses. The vaporisation temperature 
of tungsten is very much higher than that of 
iron, and condensation occurs more rapidly, 
resulting in a more rapid increase of dielectric 
strength, thus making re-ignition more 
difficult. To confirm the effect of iron 
deposited on the electrodes, tests were 
arranged with iron electrodes, and copper 
and tungsten fuse wires under identical 
conditions. Restriking occurred in all cases 
which previously had shown no such ten- 
dency, which seems to support the theory 
outlined above. 


A Novet CuRRENT-LIMITING, LOW-PRESSURE 
Fuse 


To improve the performance of the 
low-pressure fuse, it is necessary to raise the 
voltage required to maintain the arc current, 
and also to improve the restriking charac- 
teristics. In addition to the effects due to 
partial vaporisation of the fusible element, 
experience with vacuum switches*» *? and 
vacuum arcs** %* has shown that metallic 
vapour is emitted from the electrodes them- 
selves, particularly the cathode. In addition, 
owing to the thermal time-lag of the cathode 
material, vapour continues to be emitted by 
the cathode as the current passes through 
zero.35 

A simple and effective means of achieving 
the desired improvement is shown in Fig. 10, 
where the electrodes of a low-pressure fuse 
vessel are covered with an insulating, heat- 
resisting material. For effective evacuation 
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Fig. 10—Test vessel with covered electrodes 


of this commercial vessel, a hole of consider- 
able size had to be left in one electrode and 
the corresponding cover plate. Neverthe- 
less, the improvement in fuse performance 
was considerable, as is seen from Figs. 11 
and 12, where the increase of arc voltage 
results in considerable reduction of arc 
current (3650A to 1690A). From a large 
number of tests the current-voltage relation. 
shown in Fig. 8 was obtained, and it is 
seen that the device is effective for applied 
voltages of the order of 500V. The results 
were not affected by the material of the fusible 
wires or electrodes, and restriking of the 
arc on reversal of the circuit voltage did not 
occur in any of the tests covering the voltage 
range of 280V to 1400V peak. On comple- 
tion of the tests, the vessels withstood a 
direct voltage of 10,000V without passing any 
current. 

The introduction of insulating plates 
covering the electrodes has three effects :— 

(a) By greatly restricting the arc cross- 





Reduced pressure. Uncovered electrodes. Applied voltage 
350V r.m.s., 50 c/s. Peak current 3650A. 
Reduced pressure. Covered electrodes. Applied voltage 
350V r. abe 50 c/s. — current 1640A. Note reduction of arc 
current and increase of arc voltage as compared with Fig. 11. 
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section in front of the electr odes, a greatly 
increased voltage gradient is required to 
maintain current flow over this region. 
This effect is very similar to conditions in 
cartridge fuses.where the arc diameter is 
restricted by a granular filler. It is known 
that for given conditions of pressure and 
current, an optimum arc diameter is estab- 
lished corresponding to a minimum expendi- 
ture of energy along the arc column. With 
uncovered electrodes, the arc diameter is 
equal to that of the test vessel immediately 
in front of the electrodes, and any reduction 
of this diameter requires an increase of arc 
energy, resulting in an increased voltage 
gradient of the arc column in that region. 

(b) By restricting the area of the cathode, 
the amount of electron emission is reduced, 
thereby limiting the arc current. Also, 
vaporisation of any cathode material which 
may assist in maintaining the arc is reduced. 

(c) By restricting the anode area, heating 
of that electrode is reduced, limiting vaporisa- 
tion of the anode material, and preventing 
the establishment of a cathode spot on the 
anode on reversal of the circuit voltage. 

This kind of fuse appears to combine the 
advantage of reduction of the transient 
voltage, which with other types may exceed 
the insulation level of the system protected 
by the fuse, with a current-limiting action. 
It might be improved still further by reducing 
both electrodes to the smallest possible area, 
introducing a number of intermediate baffle 
plates along the axis of the vessel, or employ- 
ing several complete units in series. With 
these improvements it might also be quite 
suitable as a current-limiting fuse in heavy- 
current medium-voltage d.c. circuits. 
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Lackenby Open Hearth Steel Works 


No. I 


The post-war programme of steel works development decided upon by Dorman, 
Long and Co., Ltd., has been devised in three stages. The second stage, which has 
now been completed, includes the erection of an open-hearth steel-making plant 


on the Lackenby site of about 680 acres. 
annual production of 625,000 tons of steel ingots. 


This plant has been designed for an 
We begin here a description of 


the melting shop and other buildings, and of the 360-ton tilting furnaces, mixers 


and ancillary equipment. 


Ts Cleveland iron and steel industry was 
established in a district close to the essential 
raw materials, ironstone and coal, but with 
progressive development over the years, the 
industry has become increasingly dependent upon 
foreign ore. A particular advantage, however, 
which is of growing importance as the local 
ironstone resources diminish, is that the iron and 
steel works in Cleveland are near to the River 
Tees, and are thus conveniently situated for the 
importing of ore from overseas sources. Dor- 
man, Long and Co., Ltd., has for many years 
operated four steel works in the Cleveland area. 
Two of them, Britannia and Acklam, are adjacent 
to each other on restricted sites in Middles- 
brough. The other two, the Cleveland and 
Redcar works, are situated to the east of Middles- 
brough, and until recently were separated by a 
strip of agricultural land about 24 miles long 
and half a mile wide, bounded on one side by 
the railway line from Middlesbrough to Redcar 
and on the other side by the trunk road between 
those towns. No direct communication has 
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and Redcar works. The purchase of the Lack- 
enby site was an essential part of the company’s 
post-war programme for expanding its iron- and 
steel-making capacity. The programme was in 
three stages, the first being the construction of 
ore unloading, ore preparation and sinter plants 
at the Cleveland works. That work was com- 
pleted towards the end of 1949. The second 
stage of development included the building of a 
railway across the Lackenby area, linking together 
the Cleveland and Redcar works, and the 
construction of the Lackenby open hearth steel 
plant, which was operating before the end of 
last year. The second stage also included a good 
deal of site preparation work at Lackenby for 
the third stage of the development programme, 
the biggest item in which is the installation of a 
universal beam and heavy section mill. Other 
important items in this third stage are the 
building of two 27ft 6in hearth blast-furnaces 
and a new coke oven plant at the Cleveland 
works. A new medium section mill and a rod 
and bar mill are also planned. The following 
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roughly rectangular in shape with its longer axis 
north-east to south-west, and varying in leye| 
between 15ft and 40ft above sea level. Ay 
important consideration in developing the site 
bearing in mind the quantities of materia 
which have to be taken in and out of the works 
in railway wagons, was access between the works’ 
railway system and the marshalling yards of 
British Railways. The Lackenby works are 
situated to the east of Middlesbrough and the 
British Railways’ marshalling yard is on the 
west side of the town; the mineral lines of 
British Railways run alongside the down 
passenger line, and the works are adjacent to 
the up line. To provide direct access, therefore 
between the mineral lines and the works, without 
shunting across the passenger lines, a flyover 
bridge was built across the main railway track, 
leading to the works’ exchange sidings. It was 
possible to do this as the main railway lines are 
at a level lower than that chosen for the works 
and are also on a falling gradient as they approach 
the works from the west. The levels of the main 
line and of the access line to the works permitted 
the works’ railways to be sited at a level of 33f 
above O.D. 

The present works represents only the first 
stage in the development of the Lackenby site, 
as the rolling mill plant is to be built there, [ft 
was therefore essential to devise an internal 
transport system which can be expanded to deal 
with the whole of the incoming traffic to the 
existing and future melting furnaces and the 
outgoing traffic from the rolling mills which are 
to be built. The length of the Lackenby site 
alongside the British Railways’ line, a distance 
of about 7500ft, has consequently been laid out 
for four sets of exchange sidings, each with ten 
Standage tracks capable of accommodating 
trains 1100ft long. So far, only one set of these 
sidings has been installed. Complete trains can 
be pulled from the British Railways’ marshalling 
yard into the Lackenby exchange sidings for 
further handling by the works locomotives. 
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Fig. 1—Plan showing the layout of Lackenby works. The site extends over an area of 680 acres 





existed, therefore, for the exchange of raw and 
semi-finished materials, electric power or fuel 
gas between any of the four Dorman Long 
steel works except Acklam and Britannia. 

In 1946 the whole of the land between the 
Cleveland and Redcar works, covering an area 
of about 680 acres and known as the Lackenby 
site, was purchased by Dorman, Long and Co., 
Ltd. The land provided a site big enough for 
new steel furnace and rolling mill plant, and 
for any further subsequent development. In 
addition, the acquisition of this site enabled 
arrangements to be made for the direct exchange 
of molten blast-furnace metal, hot ingots, fuel 
gas and electric power between the Cleveland 


table shows the additional production antici- 
pated by the company when the whole develop- 
ment programme is completed. 











Present, tons per | At end of Stage 
annum Ill, tons per 
| annum 
Raat sas” Sas’. aot’. seul 900,000 1,500,000 
EMO od5 wan * esp hod 1,250,000 1,550,000 
Ingots Sr dey < ase. eae 1,850,000 2,300,000 
Rolled stect..... 4... ... | 1,500,000 1,900,000 
u 





LAYOUT OF THE LACKENBY WORKS 


The arrangement of the Lackenby open hearth 
plant is shown in the plan, Fig. 1. The site is 
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Adequate lighting of the railway sidings is pro- 
vided by 1000W tungsten filament lamps which 
are placed on masts 150ft-high. There are six 
of these masts, placed approximately 1200ft 
apart and each having a platform 8ft square, 
designed to accommodate up to forty-eight 
1000W lamps on its four sides. The intensity of 
light at ground level varies from 0-2 to 1 lumen 
per square foot. 


THE MELTING SHOP 


The Lackenby plant has been designed to 
produce 625,000 tons of steel ingots a year, 
from five open hearth tilting furnaces, each of 
360 tons capacity, and two mixers, each holding 
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LACKENBY OPEN HEARTH STEEL WORKS 
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The administrative block and melting shop, with connecting bridge. The cooling tower, in the background, is 100ft in diameter, its base tank 
having a capacity of 500,000 gallons 


East side of the melting shop. The waste heat boilers can be seen. The oil storage tanks are shown on the right, and in the background the lime and 
limestone gantry is visible 
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LACKENBY OPEN HEARTH STEEL WORKS 


s< 


The melting shop charging bay. There are five ope> hearth tilting furnaces, each of 360 tons capacity, and two mixers, each of which holds 600 tons 


The casting bay in the melting shop showing the 360-ton tilting furnaces. The equipment includes three ladle cranes, with a span of 75ft and each 
of 160 tons capacity 
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60 tons. There is, however, sufficient space 
available for extending the melting shop to give 
an annual production approaching 900,000 tons. 
The structural work for the various buildings 
was undertaken by the constructional depart- 
ment of Dorman, Long and Co., Ltd. The 
dimensions of the heavy stanchions and crane 
irders for the melting shop, however, were too 
for convenient transport and it was neces- 

sary to set up a fabricating shop on the site. 
The first building to be erected, therefore, was 
the ingot stripping shop, the exterior of which 
ig shown in the upper view on Plate 3. The 
puilding is 280ft long, has a crane span of 88ft 6in, 
and at one end has an open gantry 240ft in 
In this shop two 20-ton overhead 

cranes and the plant and equipment required 
for fabricating were installed. The material for 
the girders and stanchions was prepared, as 
far as possible, in the company’s main shops 
before being sent to the site for its final assembly. 
A clear impression of the extent of the melting 
shop building may be gained from the views 
reproduced on Plate I. The building is spacious 
and although in general principles it follows 
traditional lines, there are points about its 
construction which are of special interest. The 
melting shop is 1083ft 4in long and contains 
three parallel crane bays, for the casting cranes, 
furnace charging machines, and stock bay 
cranes, the first having a span of 75ft and the 
two latter spans of 65ft, in a building 232ft wide. 
At the south end of the shop there is an inclined 
ramp, built partly of earth and partly as a steel 
structure, which gives railway access to the stock 
bay and charging platforms. A plated steel 
bridge near the south gable gives covered access 
directly from the office block to the furnace 








the longitudinal spacing of the stanchions of 
the melting shop building was governed by the 
necessity to bridge over each furnace with a 
single crane girder. The large tilting furnaces 
required a span of 125ft. At each end of the 
shop and between the units of each pair of 
furnaces and mixers there is a short span approxi- 
mating in length to one-third of a furnace span. 
Bracing of the building, in the direction of its 
length, was accomplished ‘by two rigid frames in 
the short spans, one near the centre of each row 
of stanchions, and one at the north end where 
there is provision for extension. Each braced 
frame consists of a welded portal joining two 
adjacent stanchions between the gantry girder 
and ground level, and a diagonal cross bracing 
between the gantry and the roof. The stanchions 
are welded, both the main and auxiliary legs 
being of ““H”™ section built up from three 
plates welded together. The two legs are braced 
at intervals by welded girder battens, as shown 
in our illustration, Fig. 2, a method which was 
adopted for two reasons. First, because the 
space occupied by the bracing is wholly within 
the area of the main legs, thus giving a neat 
appearance to the stanchion, and, secondly, 
because the rectangular construction allows 
openings through the stanchion for walkways 
and pipe and cable runs. The stanchions which 
carry the girders of 125ft span over the furnaces 
have their two legs spaced 10ft apart, each leg 
being 364in wide with flanges 30in wide. All 
the stanchions have slab bases and the holding- 
ae bolt lugs are welded direct to the stanchion 
Shafts. 

Riveted plate girders, designed as free-ended 
beams between each pair of stanchions, have been 
used for the crane gantries. On the east and 
west sides of the melting shop building, the 
spans of these girders are 41ft 8in, except at two 
places where the span has been doubled to per- 
mit railways to pass through. Horizontal 
Surge girders and braced auxiliary girders 
attached to the main girders not only take care 
of the crane surge, but also act as wind and side 
frame supporting girders and as walkways along 
the crane gantries. The system of gantry 
girders over the furnaces is of a somewhat 
unusual design, to suit the conditions imposed 
by the ladle cranes on one side and the furnace 
chargers on the other. The girder carrying the 
ladle cranes had, of course, to be high enough 
over the furnace to allow the latter to tilt, and 
deep enough to carry the heavy cranes without 
excessive deflection. These conditions demanded 
a crane rail height of 63ft above ground level and 
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40ft 6in above the charging stage, a distance far 
too great to give.a sound design of overhead 
furnace charging. machine. It was therefore 
decided that the charging machine gantry rail 
would be 29ft 6in above the stage, that is 11ft 
below the rail level of the ladle cranes. Several 
alternatives were investigated, in the search for 
a system of girdets to meet these requirements, 
and the arrangement adopted was the coupling 
together of two plate girders, each 16ft deep, 
by a system of links. One girder carries the 
ladle crane rail ; the other has, rigidly attached 
to it by short cantilevers, a shallow girder carry- 
ing the charging machine rail. The shallow girder 
carrying the charging machines is 4ft 10jin 
deep and is supported by cantilevers 2ft 3in long, 


spaced at 9ft centres, which also act as stiffeners 


for the auxiliary girder. The charger girder is 
of welded construction and is designed as a 
continuous beam over all the cantilevers in the 
125ft main girder span. The horizontal surge 


.girders riveted to the top and bottom flanges 


of the two deep vertical girders are of plated 
construction. 

The gantry girders between the charging stage 
and the stock bay are in spans of 125ft, opposite 
each furnace, and 41ft 8in. In this case two crane 
girders, one for. the charging machines, the other 
for the stock bay cranes, run side by side at the 
same level, and at a distance of 7ft 6in apart. 
The two girders are coupled together by a system 
of vertical diaphragms and by horizontal plates 
between the top and bottom flanges. long 
span girders are mounted on steel rocker bear- 
ings and bronze expansion plates are fitted under 
the short span girders between the portals. 

For overhead travelling cranes which must be 
on duty for twenty-four hours a day throughout 
the whole year, it is important that crane rails 
should be wide enough on the head to give a very 
long life and should be easily changed when 
their life is nearing its end. It was therefore 
decided that, for the Lackenby works, the gantry 
rails for the ladle cranes, ladle teeming carriages 
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and furnace chargers should be 54in wide and 
weigh 375 lb per yard. This size of rail is large 
enough to limit the bearing pressure, in the case 
of the ladle cranes, to less than 800 Ib per inch 
of wheel diameter per inch of rail width, and 
for the other two machines to less than 500 Ib. 
For the stock bay cranes, which are lighter and 
faster machines with frequent travelling, the 
rails are 4in wide and weigh 175 lb per yard. 
All the crane rails are fastened to the girders by 
drop forged clips bolted to the flanges. Side 
fixing and aligning of the rails is provided by 
steel wedges driven between the clips and stop 
plates riveted or welded to the girders. Each 
rail is 48ft 8in long and is anchored to the 
girder at mid-length to prevent creep due to 
crane movement and the flexing of the girders. 

The charging stage is 22ft 6in above ground 
level and is formed of concrete with steel filler 
beams. The shuttering for the underside of. the 
concrete is formed by curved corrugated steel 
sheets supported on the lower flanges of the 
filler beams. The stock bay stage, which is 
2ft 6in lower than the charging stage, is formed 
of ballast on pressed steel troughing, carried by a 
system of secondary beams cleated to main 
girders. The two stages are carried by the main 
stanchions and four lines of intermediate posts, 
portal bracing being introduced at intervals to 
resist longitudinal forces. 

Safe and easy access by gangways and stairs 
is provided to all points in the melting shop 
building, from ground to roof, where men must 
go at intervals in the course of their work. 
To reach the cabs of the ladle cranes, a con- 
tinuous gangway runs the full length of the 
building, 34ft 6in above the ground. A similar 
gangway runs the full length of the stock bay 
and gives access to the cabs of the four stock bay 
cranes. All the gantry surge girders are plated 
so that maintenance men can walk along them. 
In the roof gangways which are supported on 
the roof trusses run the full length of the building, 
so that every lamp can be reached for cleaning 
and maintenance. From these gangways, doors 
through the gable sheeting lead to the gutters. 
Stairs 2ft 3in wide, with a slope generally of 
about 42 deg. and never exceeding 45 deg., have 
been provided to every gangway. 

The whole of the melting shop building is 
covered with corrugated, galvanised sheets and 
at the corners and on the west-side where rail 
tracks enter pilasters of corrugated sheeting on 
light framework extend from ground to eaves 
level. The colour scheme also is a pleasant one. 
The flat areas outside the building are light 
battleship grey with the pilasters and gutter 
guards in Brunswick green. Inside, all the 
Structural steelwork below eaves level is 
Brunswick green except for the hand rails. 
These and the overhead cranes and chargers 
are painted light orange so that they stand out 
boldly. The inside of the sheeting and all the 
roof steelwork is covered with aluminium paint 
to give as good reflection of light as possible. 
bn power conductors for the cranes are signal 


All the fabrication and erection of the steel- 
work for the melting shop, amounting to about 
‘16,000 tons, was carried out by the bridge and 
constructional works of Dorman, Long and Co., 
Ltd. 


FURNACES AND MIXERS 


Some of the views reproduced in the plates 
included in this issue show the arrangement of 
the open hearth tilting furnaces and mixers in 
the melting shop. As stated earlier, there are 
five furnaces and two mixers and there is sufficient 
space for an additional furnace. 

Each furnace is designed to produce 2800 tons 
of steel a week with a bath area of 830 square 
feet, a maximum bath depth of 4ft below floor 
plate and a contour design to take a charge of 
360 tons. The problem of fuel supplies to the 
furnaces necessitated a considerable degree of 
flexibility in their design. When the later stages 
of the Dorman Long development programme 
are complete ample supplies of coke oven gas 
and tar will be available. The furnaces may then 
be fired with coke oven gas in combination with 
either by-product tar or fuel oil. In the mean- 
time, apart from a small quantity of coke oven 
gas, the only suitable fuel available for the 
furnaces is oil. The flues, regenerators and up- 
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takes have, however, been proportioned to cope 
with the larger volumes of gases associated with 
producer gas firing should this at some future 
date be desirable. At the present time such coke 
oven gas as is available is used on the mixers in 
conjunction with fuel oil, but the proportion of 
oil can be increased if necessary to provide the 
whole of the heat to the mixers. In the dividing 
wall between the gas and air sections of the 
regenerators, balancing openings have been 
provided, which would be bricked up if the 
change to producer gas were made. The port 
block brickwork has been designed for oil firing 
only but a minor modification in the dog house, 
with larger burners, will enable a change to 
mixed coke oven gas and oil firing to be easily 
and quickly made. If a change to producer gas 
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supporting the bottom chill and the inner vertical 
side members. The two rockers are 35ft apart, 
giving sufficient room between them for two 
slag ladle railways. The roller path has a radius 
of 15ft 6in and is formed of a steel plate 2in 
thick and 28in wide. Each rocker is supported 
on four 48in diameter rollers, mounted in pairs 
on compensating frames, which transmit the 
load to the cast steel pedestals carried on a welded 
steel bearer girder. 

The furnace body can be tilted by hydraulic 
power at a pressure of 800 Ib per square inch 
to an angle of 35 deg. from the horizontal 
for tapping and 15 deg. for slagging. The 
two tilting cylinders at the tapping side of the 
furnace are 26in bore and 20ft 3in long and a 
force of 300 tons can be exerted by the water 
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roof, which is constructed of 4in diamejg 
magnesite tubes. The main roof has a Span 
between walls of 24ft, a rise of 3ft 3in at th 
centre and a thickness of 15in with 18in jij, 
The port ends of the furnaces are retractable 
with water-sealed uptakes. It has been stated 
that the decision to install this form of poy 
block rather than a fixed structure with a rempoy. 
able “ Friedrich” slice was governed by the 
general layout of the melting shop. As mixer 
metal is handled in the casting bay the 

lifting equipment over the centre of the furnace 
is the 10-ton auxiliary crab on the overhead 
charging machine, which is not powerful enough 
to lift a removable slice. Moreover, a retract. 
able port block can be pushed right up to the 
furnace, providing an effective seal between the 
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Fig. 3—Sections through 360-ton tilting furnace and .600-ton mixer 


is found necessary, the whole port block will be 
rebuilt on the present substructure. No gas 
producers have been installed but space has been 
left for them behind the furnace building. 

A section through a furnace is reproduced in 
the left-hand view of Fig. 3. The furnace 
hearth is 50ft long by 18ft wide inside the lining 
at foreplate level; the furnace vessel is 62ft 
long over the chills and 31ft 6in wide over the 
buckstays. The pan conforms in shape closely 
to the contour of the hearth and is built of 
plates 4in thick. It is supported on ten longi- 
tudinal girders, arranged in three groups, a 
centre group of four girders 3ft 6in deep under 
the bottom of the pan and two side groups of 
three girders 3ft deep under the lower part of 
the pan sides. These girders are of welded plate 
construction and are rigidly attached by welding 
to the two furnace rockers. The rockers have 
double webs, each lin thick, and to maintain the 
continuity of the tension sides of the longitudinal 
girders the webs are slotted to half the girder 
depth to allow the latter to pass through. The 
binding system consists of vertical buckstays, 
made of 18in by 6in slabs, arranged in pairs, 
with the top and bottom ends attached to hori- 
zontal plate girders. The upper girder forms a 
3ft wide platform round the top of the furnace, 
while the lower girder is at charging stage level 
and fills the gap between the furnace and the 
fixed stages at the charging and tapping sides. 
The buckstays are also tied across the top of the 
furnace by straps and at the bottom are attached 
to the outer pan supporting girders by dia- 
phragms. The end frames are fabricated from 
24in by 6in slabs and 24in joists, welded together, 
the former being used for the horizontal member 





pressure on the two pistons. Each cylinder is 
supported on trunnions. which are carried on.cast 
steel pedestals standing on the furnace foundation 
blocks. The piston rods are 12in diameter by 
28ft 73in long overall, and are connected to the 
vessel by pins llin diameter. There are two 
tilting control stations, with valves piped in 
parallel, one at the tapping side of the furnace, 
the other at the charging and slagging side. 
On the charging side of the furnace there are 
five doors, all of the same size, with openings 
Sft wide at the top tapering to 4ft at the sill, 
and 4ft high. The door frames are water cooled 
and completely surround the door openings. 
Slagging notches have been provided below the 
second and fourth doors, and the horizontal 
binding girder on the furnace has been notched 
to allow the slag to fall through to the slag ladles 
below. The doors are of cast steel, with brick 
linings 44in thick. They are arranged to pass the 
sill when fully lowered, and come to rest against 
wedges which press them into contact with the 
door frames, thus reducing air infiltration. On 
the tapping side of the furnace there are two 
doors, each 3ft 2in wide by 3ft high, placed in 
the shoulder at each end of the back wall. These 
are for charging mixer metal. On the tapping 
platform opposite these doors are the launders, 
which are mounted on bogies and can be swivelled 
so that they do not unduly obstruct the platform. 

In the building of the hearth, 14in of insulating 
concrete was laid against the shell plating and 
on this was laid 44in of firebrick and 1ft 6in of 
magnesite brick. The hearth proper is of 
dolomite to a maximum depth at the centre of 
15in. The back wall is full sloping except for a 
vertical portion 2ft high immediately under the 


furnace and port end chills. Each port block is 
carried on four cast steel wheels, running on 
375 Ib per yard rails on the track girders, which 
are supported on four 22in diameter hydraulic 
rams. For tilting, the port blocks are retracted 
a few inches only by hydraulic pull-back cylin- 
ders. For repairs to the vessel and port block, 
the block can be lifted about 18in to bring the 
dippers out of the seal troughs and retracted a 
distance of about 11ft. When the block is to be 
fully withdrawn, two sections of the stage are 
taken from behind the block and placed between 
it and the vessel to form a working platform. 
The port blocks are bricked entirely with silica 
brick except for the nose of the dog house, 
which is chrome magnesite. Two furnaces have 
port ends with twin uptakes, while the remainder 
have single uptakes, the area, 81 square feet, 
being the same for both kinds. The slag pockets, 
regenerators and flues are all designed and pro- 
portioned so that the furnace can be efficiently 
fired with producer gas. The slag pockets are 
25ft long, the larger pocket being 13ft 9in wide 
and the smaller 8ft 6in. The floor of each slag 
pocket is carried on 22in by 7in joists, spaced 
24in apart, on which is an 18in thick slab of 
refractory concrete. Under the slag pocket there 
is a chamber giving access to the bearer flues of the 
regenerators through stoppered openings in the 
end wall. Access to this chamber is by two 
openings in the floor of the casting bay in front 
of the slag pockets. The regenerators have 4 
total checker volume of 11,500 cubic feet at 
each end of the furnace. The two chambers into 
which each regenerator is divided are 30ft long, 
the larger chamber being 16ft 3in wide and the 
smaller 9ft 9in. In both chambers the height 
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of checker brickwork is 14ft 9in above the 
iearer arches. Below valve pit floor level the 
rators are in reinforced concrete tanks 
and above this level they are plated with a rigid 
sieel binding, tied at the bottom by horizontal 
girders encased in the concrete and at the 
op by 2 braced system of joists and channels. 

Separate air and gas flues have been provided, 
aithough with oil firing the two flues will be 
operated together and balancing openings have 
heen left in the centre wall between the regenera- 
tor chambers. All the flues, from both ends 
of the furnace, unite into a single flue leading 
directly to the uptake of the waste-heat boiler, 
with a by-pass to the chimney. The four reversing 
dampers are grouped together, close to the junc- 
tion of the four flues. They are operated together 
by ropes wound on drums mounted on a single 
shaft, which is revolved by means of a toothed 
rack between two opposed hydraulic rams. The 
whole of the reversing gear is carried on a 
platform suspended from the underside of the 
stock bay stage. Space has been left on this 
platform for the additional gear which would be 
required for operating gas dampers if the fur- 
naces were converted to producer gas firing. 
in the flues, too, the brickwork has been built so 
that a gas valve could easily be added. Com- 
bustion air is supplied by a 50 h.p. fan, with a 
capacity of 30,000 cubic feet per hour, and dis- 
tribution can be regulated by subsidiary dampers 
at the back of each reversing damper frame. 

The two mixers each have a capacity of 
600 tons. Their hearths are 5ift long and 
19ft 6in wide at foreplate level, giving a hearth 
area of 913 square feet actual and a depth at 
the centre of 7ft. The mixers are designed for 
active working with a heat input of 570 therms 
per hour and, when supplying the furnaces with 
about 6700 tons of metal per week can melt 
up to 1600 tons of scrap a week. The con- 
struction of the vessel steelwork is generally 
similar to that of the furnaces (Fig. 3). The pan 
has a bottom radius of 11ft, with sides sloping at 
48 deg. to the horizontal, and is supported 
on nine equally spaced plate girders, which are 
3ft 6in deep. These are attached to the two 
rockers, 32ft apart, in the same way as the 
furnace girders. The hearth lining is formed of a 
thin layer of refractory concrete inside the pan, 
followed by 44in of firebrick, 18in of magnesite 
brick and 15in of dolomite. The front and back 
linings are nearly vertical, the front lining being 
of silica, and the back built of 4in diameter by 
\8in long magnesite tubes. The shoulders are 
of chrome magnesite. The roof brickwork is 





\5in thick, with an 18in rib at every fifth course. 

On the charging stage side there are five doors, 
three on the front of the vessel and two in the 
tapered ends. The middle and end doors are 
the same size as those on the furnaces but the 
intermediate doors have openings 6ft wide at 
the top, tapering to 5ft at the sill, to permit the 
charging of heavy scrap. Blast-furnace metal is 
charged through the two doors in the shoulders 
at the tapping side, using swivelling spouts 
similar to those used at the furnaces for charging 
mixer metal. One slagging notch is provided 
under the centre door. The port ends are also 
of similar design to those at the furnaces, with 
the same lifting and retracting gear. The twin 
uptakes are each 4ft 6in by 5ft, giving a total area 
of 45 square feet. Mixed fuel burners are fitted, 
= of burning coke oven gas and oil or oil 
alone. 

The regenerators each have two chambers, 
as on the furnaces, with a total checker volume 
at each end of 7800 cubic feet. The larger cham- 
ber is 13ft wide by 24ft long and the smaller is 
8ft wide. The depth of checker brickwork is 
the same, 15ft 6in, in both chambers. The two 
slag pockets at each end are 24ft long and are 
lift 6in and 7ft wide respectively. Between 
each pair of furnaces or mixers, on the opposite 
side of the charging stage, there is the control 
station for the two units and all the contrels, 
except the hydraulic valves for tilting, port 
end retraction and the tapping side doors, are 
grouped at this point. These controls are on a 
sloping desk, behind which is the vertical board 
for instruments and recorders. Between the 
desk and the board there is a gangway 2ft wide, 
and behind the board an enclosed space gives 
access to the instruments and their connections. 
At each end of the instrument board there is a 





THE ENGINEER 


cabin 9ft 6in square for the furnace crew. The 
cabins and the instrument enclosure and canopy 
are all made of welded platework with a smooth 
outside and inside finish. 

Reversal of the furnaces is manual and on 
the panel there is a reversal indicator which 
shows the sequence of operations required to 
reverse the furnace, with coloured lights indicat- 
ing when each operation is complete. Tempera- 
ture indicators and recorders connected to the 
regenerators give a guide to the furnacemen in 
reversing. The furnace and mixer cooling water 
is a closed system, all the supply and return 
pipes being under pressure, except for the make- 
up to the uptake seal trough. From the pumps 
a 24in ring main is connected to both ends 
of the shop and runs along under the stage. 
At each end of every furnace, branches connect 
by flexible pipes to the port block coolers and 
chills and by walking pipes to the vessel door 
frames, chills and skewbacks. The return pipes 
leave the furnace in the same way, the branches 
connecting to a 24in diameter return ring main 
leading direct to the cooling tower. 

The three fuel oil storage tanks are situated 
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to the east of the melting shop building. They 
are each 40ft in diameter and 36ft high, and 
have a total capacity of 850,000 gallons. Road 
vehicles can discharge by their own pumps direct 
into the tanks. Rail tank wagons, in trains of 
ten wagons, are discharged in a building adjacent 
to the storage tanks, through a header pipe, 
with ten connections, by three pumps. This oil 
passes through three filters, arranged in parallel, 
each of 4000 gallons per hour capacity. Each 
tank is fitted with a float operated depth gauge 
and an air operated remote reading gauge with 
the scale in the pump house. Oil from the tanks 
passes through the filters and primary heater 
to the circulating pumps and secondary heater, 
which send the oil into the 4in supply main at a 
temperature of 240 deg. Fah. and a pressure of 
200 lb per square inch. The supply and return 
mains are lagged together with a l4in steam 
tracer pipe between them. At each furnace 
control station there is a platform slung from 
the underside of the stage and reached by a 
stair from the stage, giving access to all the 
valves and fittings below the control desk and 
instrument panel. 


( To be continued ) 


“ Rochdale ” 


Accelerated 


Carbonisation Plant 


In the “ Rochdale ’’ process water gas is injected at the base of a conventional con- 
tinuous vertical gas retort. It doubles the output, produces a better grade of coke, 
improves the plant thermal efficiency and gives promise of the use of hitherto non- 
carbonising coals. The conversion equipment is simple and cheap. The first plant 


to be converted is described herewith. 


wus the conversion of sixteen of its comple- 
ment of continuous vertical retorts to the 
“* Rochdale” process, the Partington works of the 
North Western Gas Board becomes the first gas- 
works to exploit commercially a notable British 
patent which surprisingly has lain idle for over 
thirty years, Although some three years have now 
been expended on development work and automa- 
tic processing equipment, the essential principle of 
the new process is elementary and the conversion 
equipment requires small capital outlay. 

The process is essentially that of injecting 
additional gas in the base of an orthodox retort 
to improve the heat transfer characteristics from 
the wall and within the coal charge itself. It 
not only doubles the rate of gas production, 


improves the size of the coke produced, and 
improves the overall thermal efficiency of the 
plant, but it holds the immediate promise of 
enabling the more extensive use of low-grade 
coals not hitherto suitable for carbonisation in 
the more common gasmaking processes. 

The patent to which we have referred was 
taken out by Frederick Perkin and John West in 
1917. It was used only to implement the pro- 
duction notably of toluene and other liquid 
products of carbonisation towards the end of the 
first world war. At that time sieaming in con- 
tinuous vertical retorts had just gained favour 
and was being almost universally used in the 
extensive rebuilding programme that took place 
in the gas making industry. This fact, together 





Sections of the coal gas and water gas mains with their Connersville meters, outside the retort house 
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with the somewhat inefficient water gas plant 
then available, are amongst reasons advanced as 
the course of the neglect of the patented process 
at that time, but there seems to be no clear 
reason why its adoption had been so long deferred. 

Interest in the process was aroused three years 
ago by the North Western Gas Board, and its 
subsequent development using pilot plant trials 
at Rochdale (hence jts name). Partington and 
Bollington have already been the subject of a 
paper* earlier this year. 

Carbonisation of the coal is accelerated by the 
carrier gases in the “ Rochdale” retort by 
virtue of three factors, which it should be borne 
in mind are not entirely absent in the conventional 
steaming retort. First, as the gas is injected at 
the base of the retort, it is heated by the coke 
lying there as a result of the carbonisation 
process. Its subsequent passage up the retort 
increases the temperature of the coal charge, 
thereby increasing the amount of heat reaching 
the coal charge in any given period of time. 
There is accordingly a higher utilisation of the 
heat which is normally left in the coke or trans- 
ferred. to the steam in the conventional process. 

Heat transfer within the charge itself and from 
the walls of the retort is largely by the mechanism 
of conduction in a poor conducting medium, i.e. 
lumps of granular material surrounded by gas 


The volume control valves and flow indicators governing 
the supply of carrier gas to each retort 


spaces and even used as a conducting insulator 
elsewhere. Consequently another advantage of 
the injected gas in the “ Rochdale” process is 
that of greatly supplementing the conducted 
heat by convected heat transfer. As a third 
contribution to the process the passage of the 
carrier gases around the inside walls of the retort 
induces a greater heat flow across the walls 
themselves. During the “ Rochdale “ trials and 
in subsequent normal operation it has been 
shown that a vertical retort plant operating with 
gas injection by the “‘ Rochdale” process can 
carbonise an average of 14-3 tons of coal per 
twenty-four hours, compared with 6 to 8 tons 
in normal practice. Using “ water gas,” made 
from coke, as the injected gas, the output from 
a vertical plant normally rated to produce 
4,000,000 cubic feet per day could be expected 
to increase to 8-35 million cubic feet under 
average conditions and at least to 7-7 million 
cubic feet under poor conditions, after allowing 
for the volume of gas injected. 

The carrier gases (coal gas and blue water gas) 
are brought to the retort house in two overhead 
steel mains, one for the coal gas, the other for 
the blue water gas. Immediately outside the 
retort house these mains, as illustrated, are con- 
nected to Connersville meters, which measure 
the total quantities of each of these gases used: 

*“ Accelerated Continuous Carbonisation by the Rochdale 


Process,”” by T. Nicklin and M. Redman. Institution of Gas 
Engineers, March 12, 1954. 
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The coal gas main passes from the meter into 
the retort house through a volumetric governor, 
which ensures a constant flow rate irrespective of 
pressure conditions. The blue water gas main 
enters the retort house from its meter and is then 
connected to a constant-pressure governor, which 
ensures that there is a constant pressure in the 
main supplying the retorts with gas, irrespective 
of the amount of gas being injected into the base 
of the retorts. 

Blending these different gases in varying 
quantities enables the calorific value of the 
injected gas to be so adjusted as to enable that 
of the gas produced from the retort to be held 
constant. After blending, the carrier gas passes 
into one large main and, as can be seen in one 
illustration, off this main a supply of gas is taken 
to each of the sixteen converted retorts through 
a governor whose purpose: is to ensure that, 
regardless of any variation in pressure at the 
base of the retort, gas is injected into the retort 
at a constant hourly rate. 

It should be noted that when the “* Rochdale 
process is applied to continuous vertical retorts 
approximately twice as much coke has to be dis- 
charged from the retort as when the retort is 
worked conventionally. 

The work of the retort operator has been 
greatly simplified by installing a small automatic 
control at the base of each retort. This equip- 
ment, operated hydraulically at a pressure of 
750 lb per square inch, is controlled by the 
single lever shown in our illustration. By 
turning the lever clockwise from twelve o'clock 
to three o’clock injection of gas is automatically 
shut off and steam is instantaneously turned on to 
the base of the retort. The steam remains on 
for a predetermined time, at present 14 minutes, 
after which the lever is moved into the second 
quadrant and the coke is discharged. The lever 
is then moved to the third quadrant, which 
closes the door again and turns on the steam to 
the retort for a further 14 minutes. When this 
period has expired the lever can be returned to 
the original position, which completes the cycle. 

The coke car, which guides the coke from the 
discharge door to a belt conveyor, is brought 
automatically to the correct position beneath the 
discharge door of the retort simply by pressing 
a button on the base of that retort. 

So far sixteen of the thirty-two vertical retorts 
in one of the houses at Partington have been 
converted, the design, manufacture and installa- 
tion of the conversion equipment having taken 
only six months. This batch normally pr 
110 tons of coal a day and with little additional 
labour it is now processing 224 tons a day and is 
producing more than double its designed capacity 
of 2,000,000 cubic feet of gas per day. The 
retort house at Partington cost, with coal and 
coke-handling plant, £780,000, yet the cost of 
modifying every retort would be only £38,000, 
or £1190 per retort. 

Gas Making Costs.—On the basis of estimates 
prepared by Messrs. Nicklin and Redman it 
appears that if present expectations are realised it 
should be possible to achieve a, reduction of 
about two-thirds in capital costs on carbonising 
and ancillary plant and approaching one-tenth 
in production operating charges, on the addi- 
tional gas gained by the “‘ Rochdale ”’ process. 
Altogether, production charges incurred up to 
the point where the gas enters the gasholder are 
estimated at about 20 per cent less on the “‘ Roch- 
dale ’” increment than on the original output. 

To obtain the net cost of gas, as distinct from 
the cost of the other products of carbonisation, 
a deduction has to be made for the estimated 
value of other products. Here the main factor 
is coke, which accounts for about three-quarters 
of the value of these products. The “ Rochdale ” 
tests indicate that when coal is carbonised at 
about twice the normal speed by gas injection, 
the coke yield per ton of coal carbonised is 
approximately equal to that obtained in normal 
practice,t so that coke output per day of plant 
operation is almost doubled. 

The average size of coke produced, which 
largely determines its selling value, is sub- 
stantially increased by gas injection. This is due 
to the fact that the admission of steam to the 
coal charge, which forms a part of the normal 
carbonising process in vertical retorts, is elimi- 

+ Le., assuming that the calorific value of the gas finally 
produced is the same in both cases. 
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nated in the ‘ Rochdale” process and the 
breaking up of the hot coke under the impact of 
steam is consequently avoided. During the 
“ Rochdale ” trials about 8 per cent of the coke 
produced was found to be “ breeze * of less than 
tin size, compared with about 20 per cent jp 
normal practice. As the ratio of coke price to 
“* breeze” price is at present about 24 to 1, this 
is an important factor. 

Production Costs per Therm in Conventional ang 

“* Rochdale”? Plant 


Example : Plant of 4,000,000 cubic feet daily capaci'y increased 
to 8-35 million cubic feet by “‘ Rochdale” process, 





Cost of 
4,000,000 
cu. ft 
Conven- 
tional 
methods 


Cost of 
8-35 mil. 
cu. ft 3 
“* Roehdale **| : 
process (‘| 


Pence per therm produc 
d. 
1 e 
Labour . 
Repairs, 
water, electricity 
Repairs, maintenance 
Water, electricity, 
purification 
Management, 
&e. 





rates,| 
b 

Total : operating 12°46 

costs | 


2-07 


3-238 | 


production| 16-24 | see | 


Capital 
Total : 12: 96 ¢ 
costs | 
| | 


* This figure differs from the estimate given in the “ Roch. 
dale Process’ paper because account has been taken of more 
recent increases in plant costs. 


After allowing for coke used in producing the 
injected water gas, the value of by-product 
yield from the “ Rochdale” process can be 


The electric time-switches controlling the period of 
soiree etter ~> ec became. 


estimated at about 9 per cent higher per therm 
of gas made than in ordinary operation, and the 
net cost of gas after taking into account the 
value of other products produced, shows a fall 
of about one-third on the increment of output 
due to the “* Rochdale ”’ process. 

To gain some measure of the possible effect of 
the “‘ Rochdale’ process on gas prices gas pro- 
duction costs set out in the table above have 
been translated into cost per therm sold, by 
allowing for losses in gas transmission, and a0 
addition for distribution and other “ overheads 
has been made to complete the cost of gas 4 
sold. It has been assumed in the following table 
that gas supply in a particular district where all 
gas is produced from 4,000,000 cubic feet 
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« Net” Production Costs per Therm in Conventional 
and “ Rochdale” Plant 























(Production costs less yalue of coke, &c.) 
em 
Cost of Cost of Cost of 
4,000,000 8-35 mil. additional 
cu. ft cu. ft 4°35 mil. 
cu, ft 
Normal |‘ Rochdale ’’|“ Rochdale ”’ 
operation process process 
Pence per therm produced 
| d. d. d. 
Total; production 16:24 14-53 12-96 
cost (as above) 
ae ot other pro- 
ba oa made for 
sale : 
Coke -.. 4:20 4°54 4:85 
Breeze ss we 0-29 0-22 0-16 
Crude tar 1-29 1-29 1-29 
Ammonia 0-11 0-12 0-13 
ro aaa 5-89 6-17 6-43 
[Na cost ofgas ...| 10°35 8-36 6-53 














3 Based on Tables 1 and 9 of “ Rochdale Process ’’ paper. 


capacity continuous vertical retort plants is to 
be doubled, either by doubling the size of plant 
by conventional methods and thereby reaping 
economies of scale which normally accompany 
an increase in plant size, or by the “ Rochdale ” 
process. 

“Net”’* Cost of Added Gas Supply Provided by 
Doubling Output of Continuous Vertical Plant 
‘Rochdale’ process versus new plant with doubled capacity 
perated by 1 methods. 








| Cost of 




















Cost of 
Present added gas added gas 
average Conven- |“ Rochdale ”’ 
cost tional process 
methods 
Pence per therm sold 
1 1 ‘ig 10°34 ris 
SR 5s ioe wad ‘ . : 
Pasibetion, admini- -78 4-3 4H 
stration, &c. 
TE ass |, ond «, 00s 16-16 14-54 11-48 
Per cent fall com- 
pared with present) 
7" : Per cent Per cent 
cost) ° 36-9 
Total cost... ... | 10-0 29-0 








* Production costs less value of coke, &c. 


On the basis of these figures it appears that 
the additional gas supplied by the “ Rochdale ~ 
process would cost about 3d. per therm less 
than gas added by building a new plant of double 
the original capacity to be operated on con- 
ventional lines, and about 44d. per therm less 
than the existing average in the “‘ Rochdalised ” 
district. On a percentage basis the saving on 
the increment of gas would be 29 per cent by 
the “ Rochdale ” process, as against 10 per cent 
by conventional methods. 

Low-Grade Coal.—So far the technical and 
costing implications of the “‘ Rochdale ” process 
have been considered only as they appear from 
trials conducted with the kinds of coal normally 
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considered suitable for carbonisation. But there 
is a further aspect of this process, the Gas Board 
explains, which could, under particular coal 
supply or coal price conditions, prove even more 
important than the savings in capital and 
operating costs outlined in previous paragraphs. 
Recent trials have shown that it is possible by 
means of gas injection to process small coals at 
economic speeds of carbonisation. This opens 
the way to the blending of high-grade carbonising 
coals with the lower-grade coals which are likely 
to form an increasing part of Britain’s coal 
output, 

The main significance of this possibility is that 
it will vastly improve the flexibility of the gas 
industry in respect of its main raw material. Out 
of the annual output of Britain’s mines of some 
212 million tons, only about 100 million tons fall 
into the categories which are at present regarded 
as suitable for conventional carbonisation. The 
** Rochdale * process will make it possible to use 
at least some of the grades comprised in the 
remaining 112 million tons if conditions of cost 
or supply should make this desirable. _ 

There are, of course, other methods for pro- 
cessing low-grade coals, notably the ‘* complete 
gasification’ process, where no coke is pro- 
duced. There is also the possibility of making 
gas from oil instead of coal. But any large-scale 
conversion of the basic plant of the industry to 
these processes would radically curtail the 
amount of plant capacity available for making 
coke. In the light of the present favourable 
trend of coke sales and of the possibilities of 
long-term expansion which will be opened up 
when Government restrictions on solid fuels are 
removed, this would seem to run counter to the 
interests of the industry and of its consumers. 
It is the great merit of the ‘‘ Rochdale ” process 
that it opens the way both to the use of low-grade 
coals and to the expansion of coke supplies, and 
thereby gives the gas industry added room for 
manceuvre in a fuel market where once-for-all 
commitments would be dangerous. 





Portable Electronic Tachometer 


A PORTABLE electronic tachometer which. is 
designed to measure engine speeds with an 
accuracy of 0-1 per cent is being produced by 
the Plessey Company, Ltd., Ilford, Essex. It 
gives a direct reading of speed on a “* Dekatron * 
display unit. The principle of this method of 
speed measurement is that the rotary motion 
of the shaft is converted into electrical pulses, 
as described below; the number of pulses 
generated in a given time is counted, and the 
result is presented on the ‘“‘ Dekatron “ in terms 
of revolutions per minute. 

The production of electrical pulses at a 
frequency proportional to the speed of the shaft 
can be done in various ways to suit particular 
applications. Aero-engines, for example, are 
usually equipped with a small electric generator 

which is used in con- 

junction with the normal 
“*magnetic-drag”’ tacho- 
meter ; the output from 
this generator can be 
used to control a fre- 
quency - multiplier unit 
for feeding the electronic 
tachometer which is the 
subject of this article. 
For use with engines 
that are not fitted with 
such a generator a 
photo - electric device, 
which imposes no load 
on the shaft to which it 
is attached, has been 
developed. It consists 
of a photo-cell amplifier 
working in conjunction 
with an opaque disc 
having sixty, thirty and 
ten equally spaced slots: 
the disc is attached to 
a synchronous motor 
driven by the aircraft 
tacho-generator. The 
pulses generated by this 
arrangement are counted 
(during a period of one, 
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two or four seconds) by the tachometer illustrated 
here, and the result, expressed in revolutions per 
minute, is given on the “ Dekatron” display 
unit, which can be seen at the top of the front 


panel of the instrument. This display unit 
consists of four “ Dekatrons” to record the 
thousands, hundreds, tens and units digits 
respectively. When the sixty-slot spacing on 
the opaque disc is in use the instrument reading 
is given directly in revolutions per minute. 
The other slot spacings involve the use of a 
multiplying factor and extend the range of the 
tachometer accordingly. 

Normally the pulses are counted for one 
second, the result is displayed for 0-8 second to 
allow the reading to be observed, and the instru- 
ment then returns to its original condition ; this 
cycle of events is repeated continuously. A 
switch is. provided to enable any reading to be 
retained for as long as may be required, after 
which continuous counting may be resumed. 

The one-second counting period is controlled 





This tachometer counts engine revolutions and 
gives the result in revolutions per minute on a 
** Dekatron ”’ display unit 
by a4 kc/s crystal oscillator (accurate to 0-005 per 
cent), the output of which is divided to produce 
alc/s pulse. In addition, a 2 kc/s signal can be 
switched and fed to the input terminal to check 
the operation of the display unit. A switch 
with “ check,” “‘ auto "’ and “‘ manual ”* positions 
is provided on the front panel of the instrument. 

Whereas the magnetic-drag tachometer 
normally is accurate to within about 0-5 per 
cent at full scale deflection, an accuracy of 
within 0-1 per cent is claimed for the electronic 
tachometer described here. Better accuracy is 
attainable at higher rates of counting: for 
example, the maker states that readings accurate 
to 0-03 per cent can be obtained at 3000 pulses 
per second, with a one-second count, and that 
results to within 0-01 per cent become feasible 
in instances when a longer count can be used. 





Opening of ‘‘ Seraphim ’’ Extensions 
at Scunthorpe 


On Thursday of last week, July 29th, the 
** Seraphim *’ £15,000,000 extension project at 
the Scunthorpe ironworks of the Appleby- 
Frodingham Steel Company was officially 
brought to completion. On that day a ceremony 
was held at which Sir Archibald Forbes, chair- 
man of the Iron and Steel Board, started up a 
new sinter plant and lighted the “‘ Queen 
Victoria’ blast furnace. Another furnace 
within the project, named ‘“ Queen Anne,” 
was blown in on March Ist this year. The 
extension is expected to increase the output of 
the works by some 600,000 tons of pig-iron per 
year. The “‘ Queen Anne “™ furnace has a hearth 
diameter of 27ft. But, after construction had 
been begun the decision was taken to make the 
hearth diameter of the “Queen Victoria ~ 
furnace 28ft 6in and it is possible that the 
“ Queen Anne “ furnace hearth will be similarly 
enlarged when it is next relined. The newer 
furnace, whose hearth diameter seems to be the 
largest in Europe, is rendered additionally 
notable because it will operate upon a 100 per 
cent sinter burden and is believed to be the 
first furnace in the world so to do. An illus- 
trated description of the new plant will appear in 
our next issue. 
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Cabril Power Station, Portugal 


(AnRE. power station, which was opened 
Officially by the President of the Portu- 
guese Republic on July 3lst, is the second 
of the large power schemes successfully pro- 
moted by the Hidro-Electrica do Zezere; the 


first station, Castelo do Bode,* was com- 
missioned in 1951. For both of these power 
stations the generating plant and switchgear 
have been supplied by the two British companies, 
the English Electric Export and Trading Com- 
pany, Ltd., and Metropolitan-Vickers Electrical 
Export Company, Ltd., acting together and 
known in Portugal as the “ British Group.” 
Since the first of the three 57-4MVA sets at 
Castelo do Bode went into service in January, 
1951, the station has generated a total of 900 
million kWh. 

In April, 1951, the Hidro-Electrica do Zezere 
instructed the “ British Group * to proceed with 
the plant for the Cabril power station, com- 
prising two 74,800 h.p. water turbines, gene- 
rators, transformers and swi . It was 
required that the first set should go into com- 
mission in May, 1954; early in that month the 
set was run up for drying out and commissioning 
tests, and on May 2st it went into commercial 


service. 
The Cabril dam and power station are on the 
River Zezere, about 45 miles upstream of Castelo 
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do Bode, so that water operating the Cabril 
turbines can be stored in the Castelo do Bode 
reservoir. With the additional dam and reser- 
voirs at Cabri] the water level and storage in 
both reservoirs can be conveniently regulated, 
These facilities are important on such a river 
as the Zezere, in which the flow is characterised 
by sudden flood conditions following long dry 
periods. 

As illustrated here the Cabril dam is of cupola 
arch construction and is 433ft (132m) high. 
The reservoir extends some 33 miles and has a 
capacity of 567,000 acre-feet (700 million cubic 
metres). The spillway comprises two tunnels 
capable of dealing with a discharge of 140,000 
cubic feet per second (4000 cubic metres per 
second). Two 13ft diameter steel penstocks 
carry the water to the two turbines in the power- 
house, which is built at the foot of the dam. 
Between the two penstocks is a scour pipe, 
10ft 6in in diameter, leading to a disperser valve. 
The step-up transformers and 165kV switchgear 
are installed between the upstream wall of the 
power-house and the dam, and the power is 
transmitted by means of an overhead line to the 
Zezere substation (at Castelo do Bode), which is 
part of the main 165kV network for Portugal. 
One of the overhead line towers can be seen in our 
illustration. 

In the machine hall, which has a single 
operating floor, there are two main generating 
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sets with their governors and accessories, The 
two inlet valves are also arranged within thy 
walls of the machine hall, so that they can jy 
handled by the crane. The machine 
panel, the valve control panel, the field 
pression switch, and the essential auxiliaries 
controls are all arranged on one board, j 
into the upstream wall of the machine hall, The 
station also contains a 1125kVA water turbine. 
driven auxiliary set, fed from a tapping off the 
main penstocks, and afranged at the right-hand 
side of the power-house. The control room js 
arranged above the auxiliary set annexe ang 
overlooks the machine room. Bare Copper 
busbars insulated for 15kV connect the generator 
terminals with the step-up transformers in the 
upstream substation. 

The two main turbines are vertical reaction 
machines, each of which is designed for ap 
output of 66,000 h.p. at 214 r.p.m. at the average 
head of 108m (355ft), but give 74,800 h.p. at the 
maximum head of 121m (397ft), 

The turbines are very similar in size and cop. 
struction to those at Castelo do Bode.t Jp 
repeating the designs, however, special allow. 
ance had to be made for the increase of about 
27 per cent in the head, and model tests were 
carried out to confirm the suitability of the 
machines for these new conditions. The runner, 
which is 11ft diameter, is fabricated by welding 
the pressed vanes to the crown and rim. Welded 
construction was used for the spiral casing, the 
top cover and other turbine parts. A cylindrical 
steel support for the generator enables its load 
to be transmitted via the speed ring to the 
foundations. 

The inlet valves of 11ft bore are of the 
“ Straight-Flow * type, and, again, are similar 
in design to those at Castelo do Bode, with due 
allowance for the increased head. The disperser 
valve is 9ft 10in diameter and is capable of dis- 
charging 7000 cubic feet (200 cubic metres) of 
water per second. 

The generators are exactly similar to those at 
Castelo do Bode, but are rated to give a maxi- 
mum continuous output of 61MVA at 0-892 
power factor, corresponding to the maximum 
turbine output. Generation is at 15-5kV. Both 
machines are enclosed and self-ventilated, and 
carbon dioxide fire protection equipment is 
provided. A tilting pad bearing, mounted above 
the rotor, carries the vertical thrust. 

The main transformers are three-phase units 
rated at 61MVA with a voltage ratio of 15:5) 
165kV. Cooling is effected by the circulation of 
oil through water-cooled coolers. Both generators 
are connected solidly to their associated trans- 
formers and switching is carried out at 165kV. 
The high-voltage switchgear is air-blast equip- 
ment, similar to that at Castelo do Bode, with a 
rating of 2500MVA at 165kV, the feeder. circuit 
breaker being equipped with high-speed re- 
closure. . 

An auxiliary supply at 380V is available from 
three sources, namely, the unit transformer, ‘the 
auxiliary generator and the station transformer 
(which derives its supply from an external source) 
and is distributed by 1600A and 600A air-break 
circuit breakers in conjunction with metalclad 
fuse switch units. 

Included on the main control board is an 
illuminated mimic diagram of the 165kV, the 
15kV and 380V systems. Automatic synchronis- 
ing equipment is provided for starting up and 
automatic voltage regulators control the voltage 
while on load. Protection for the generators 
and transformers units is given individually by 
biased differential circuits. In addition, the 
generators have over-voltage with back-up over- 
current protection, and the transformers have 
Buchholz and oil and winding temperature 
devices, with back-up earth fault protection. 
Surge protection of the outgoing 165kV line is 
provided by 165kV “ Metrosil ** units. 

The turbines, “ Straight-Flow” main inlet 
valves, disperser valve, generators and trans- 
formers were supplied by the English Electric 
Company, Ltd., Stafford, whilst the control 
gear, low-tension switchgear, cabling, and the 
165kV switchgear with air-blast circuit breakers, 
at the substation, were supplied by the Metro- 
politan-Vickers Electrical Company, Ltd., 
Trafford Park, Manchester. 
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Self-Propelled Fettling Machine 


A SELF-PROPELLED, diesel-hydraulic dolomite 
fettling machine has been developed by Blaw- 
Knox, Ltd., 90-94, Brompton Road, London, 
§.W.3. The machine, which is shown in Fig. 1, 
was recently demonstrated at the firm's Rochester 
factory. Operated by one or two men, it is 


independent of rail tracks and does not require 
overhead crane assistance. It is stated to have a 
maximum throwing range of 40ft at 1 ton per 





Fig. 1—Self- dolomite machine. 


propelled Opera 
the machine to the right while aiming the throwing mechanism 


minute, weighs less than 10 tons when fully 
laden, and may be steered within a 14ft radius. 

The frame is fabricated and measures 13ft 10in 
by 6ft 8in overall. It runs on four solid rubber- 
tyred road wheels and is surmounted by a 100 
cubic foot hopper. Undér the hopper can be 
seen the throwing unit which is mounted on 
trunnions and pivoted, so as to allow movement 
in all directions. The mechanism consists of an 
endless rubber belt running over an 18in dia- 
meter throwing wheel, and three guide pulleys, 
the wheel being driven at up to 1350r.p.m. bya 
variable speed hydraulic motor. 

The prime mover is a Perkins ‘ P3 (TA) ” 
three-cylinder engine of 34in bore and Sin stroke, 
developing 32 b.h.p. at 2000 r.p.m. This allows 
the machine to be driven at a maximum speed 
of 4m.p.h. During fettling, the engine speed is 
maintained constant by an air governor brought 
into action by a detent, which is released after- 
wards when the accelerator pedal is depressed. 
Transmission is to the rear wheels through a 
reversing gearbox and standard truck differential 
at 32:7: 1 reduction. The gearbox is equipped 
with two Sin diameter wet plate clutches. These 
may be actuated by means of hand levers from 
either the driving position or the fettling position, 
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thus giving “ forward * or ‘‘ reverse *° movement. 
During fettling the machine may be moved to 
right or left at up to 2 m.p.h, 

When the levers are in mid-position, the brakes, 
which are fitted to the rear wheels, are hydraulic- 
ally applied. The brakes may also be operated 
mechanically from a foot lever on the driving 
saree and may be locked for parking. 

ydraulic pressure is obtained from a pump 
mounted on the gearbox, having an output of 
about 11 g.p.m. at 1100 r.p.m. With the 
maximum delivery pres- 
sure of 900 Ib per square 
inch, the power con- 
sumption is about 7 h.p. 

pressure may be 
varied by means of a 
relief and flow control 
valve in order to vary 
the speed of the thrower, 
but a minimum pressure 
of 75 lb per square inch 
is always maintained for 
applying the brakes. The 
electrical equipment in- 
cludes dynamo, battery, 
self-starter, cold-starting 
gear, hooter and warn- 
ing lights. 

For front-wall fettling 
a second man is needed 
to work the deflector 
spoon. Support brackets 
for the spoon are pro- 
vided on the far side of 
the machine. 

The principle of the 
throwing mechanism has 
been incorporated in a 
small portable piler and 
stowing machine, which 
was also demonstrated. As shown in Fig. 2, it 
is mounted on rubber-tyred wheels. The throw- 
ing belt is driven by a 3 h.p. electric motor, 
The machine is intended for hopper feeding, and 
is stated to have a range of up to 40ft. 


tor “ inching ” 





Indicating Gas Thermostat 

A TEMPERATURE indicator which also acts as 
proportional controller of the gas supply, without 
using electricity for its operation, has been 
developed by the North Thames Gas Board. 
A prototype has been made by the Accurate 
Recording Instrument Company, Garth Road, 
Lower Morden, Surrey, and has been successfully 
tested. The diagram shows a sectional view of 
the instrument. 

The driving force for indication and control is 
provided by the fluid-filled, quick-response, 
temperature-sensitive element, or bulb A, acting 
through a capillary lead B upon bellows C. 
These bellows, expanding when the temperature 
rises, move the near limb of the two-limbed 
lever D, which is pivoted at E. 

This lever is made of 
two bi-metallic strips ‘ 





197 








Indicating gas thermostat showing temperature sensitive 
element, setting knob and gas connections 


the body andcover. The body has an annular 
inlet and a central outlet ending in the valve 
seating. When the temperature rises the two- 
limbed lever D moves the linkage M pivoted 
at N. The other end of the linkage depresses 
the outer plate L of-the spmdle K, the inner plate 
pushing the diaphragm against the valve seating, 
thus closing the outlet. 

The pivot N of the linkage M is carried on the 
arm O which is pivoted at E. Adjustment of the 
control temperature is made by moving the arm 
O via rod P and plate Q. The cam R is operated 
in relation to a scale on the face of the instru- 
ment, and moves the plate Q. 

Override is provided for by the arm O which 
can move outwards with any excess movement of 
the valve spindle, as it is pivoted at E. The 
movement is made against spring S. 

There is an adjustable by-pass on the central 
outlet which enables the inlet annulus to be 
directly connected with the outlet. This by-pass 
is controlled by a screw, and when open assists 
proportional control by slowing down the action 
of the relay valve. 

The model is shown in the photograph. It 
is housed in a cast aluminium case 7}in by 
64,in by 3in high, which has four lugs for attach- 
ment purposes. 

The maximum range supplied is 480 deg. Fah., 
graduated in four-degree divisions. The tem- 
perature sensitive element was 10in long and 
fitted with a jin B.S.P. union nut and double 
ended adaptor. The maximum length of capil- 
lary is 10ft, but a fully compensated unit with 
a greater length will be available later. Models 
of increased range will also be manufactured. 

Tests with a water bath and with an air heater 
arestated to haveshown that the temperaturecould 
be held within +1 deg. Fah. (Reproduced from 
Report No. 559/53 of the Industrial Development 
Committee of the Gas Council. Information 
supplied by the North Thames Gas Board.) 
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in order to compensate 
for variations in ambient 
temperature. To the 
limb not in contact with 
the bellows is attached a 
link which by a suitable 
mechanism moves the 
indicating pointer F, 

Gas. from the upper 
chamber of a relay valve 
passes from the inlet pipe 
G to the outlet pipe H 
via the gas valve J. 
These connections term- 
inate in tin B.S.P. cap- 1} 
illary unions on _ the 
outside of the case. 

The gas valve body has 
a cover through which 
acentrally placed spindle 
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is spring loaded and has 
circular plates at both 
ends. The outer plate 
L is in contact with the 
linkage M, the inner 
with a leather diaphragm 
which is held between 
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Sectional view of mechanism of indicating gas thermostat 
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TRAINING OF NAVAL OFFICERS 

As soon as the first steam vessel entered 
naval service about one hundred and thirty- 
vhree years ago there had to be engineers 
in the Navy. Thereafter prejudice could, 
and, in fact, did delay the organisation of an 
engineering branch, could and did, for long, 
deny recognition and a proper status to 
engineers. It also delayed the advance of 
mechanical means of propulsion and, at a 
later date, as recent articles on the “ Battle 
of the Boilers” have shown, resisted the 
replacement of Scotch boilers by water- 
tube generators. But prejudice could no 
more prevent technical piogress than King 
Canute could turn back the tide; and 
constant advance in the design of machinery, 
the development of greater powers, improve- 
ments in efficiency and increased technical 
complexity so obviously called for the special 
training of naval engineers that sooner or 
later a training establishment had to be set 
up. After tentative attempts had been made, 
culminating in the appropriation of the old 
“line of battle” ship, ‘“ Marlborough,” 
for the purpose, Keyham was opened as a 
training school; and since the establish- 
ment of the latter the Navy has trained its 
own engineer officers. But though the need 
to give training was thus recognised quite 
early there still remained for many years the 
need to struggle for better recognition of the 
essential part played by engineers in naval 
operations and for that improved status 
for engineer officers without which better 
quality material could not be attracted to 
the Branch. Almost inevitably the new 
branch was regarded by those brought up 
in sail as a necessary evil and only through a 
process of evolution could irritating anoma- 
lies be removed. Only one anomaly now 
remains. The Engineer-in-Chief of the Navy 
is only a Vice-Admiral, and he is the only 
Vice-Admiral in the engineering branch. 
Engineer officers cannot aspire to the highest 
naval ranks. 

Right up to the period in between the 
two world wars the work of the Royal Naval 
Engineering College was planned merely to 
supply the Navy with officers adequately 





AUGUST 6, 


1954 No. 5141 
Test Euteopense of a 300kV Air-Blast Circuit 
United Kingdom Atomic Energy Authority ... 
AMERICAN SECTION— 


Office of Basic Instrumentation at ™ es es 
Bureau of Standards. as “y 
us.) 


204 
181 


Prefabricated Steel Pier. 21 
Jubilee Celebrations of the International 
Electrotechnical Commission ~aae 
Aircraft Ground Position Indicator . soc an 
U.S. Case Study Data on Productivity ioe ene 


LETTERS TO THE EDITOR— 
Exhaust sma gd Pinon aan Alapeh, 


Helicopters, val , . 200 

Battle of the Boilers’ ... |. « 200 

LITERATURE ... ‘ 199 

Short Notices | 200 
News AND Notes— 

British Patent peeetene. (Tilus.) 215 
Contracts... sige as 214 
Forthcoming Engagements... Bis pay 2 gig a 
Indian Engineering News ... ... ... ... ... 209 
Industrial and Labour Notes 213 
Launches and Trial Trips ... 216 
Notes and Memoranda 214 
Personal and Business 214 
Technical Reports 216 


Four ArT PLates— 
_Lackenby Open Hearth Steel Works 


trained to operate.and maintain the machi- 
nery in H.M. ships. However, in the years 
immediately preceding the second World 
War, technical changes were taking place 
in naval equipment. Main machinery and 
auxiliaries of increased efficiency were intro- 
duced, higher steam pressures and tempera- 
tures were adopted, armaments and fire 
control systems made rapid progress and 
became more complicated while the estab- 
lishment of the Fleet Air Arm introduced 
complications in the way of flight deck 
machinery. Again, the high-speed diesel 
engine was being developed for naval uses. 
Since the war there has been the introduction 
of the gas turbine together with the prospect 
of the early advent of atomic power units. 
The present-day highly mechanised Navy with 
its technical and mechanical problems relating 
to ships and aircraft, and their associated 
shore bases, has therefore greatly extended 
the responsibilities of the engineer officer. 
Besides possessing personality, initiative and 
the necessary drive to ensure that both 
standards and progress are maintained, he 
must have the requisite extensive technical 
knowledge to accomplish these ends. The 
changing position over the war years and 
subsequent peace made it evident that there 
was a need not only for a wider field of 
training but also for a higher standard of 
training if officers capable of satisfying the 
technical demands of the Navy were to be 
produced. Consideration of the new require- 
ments resulted in the formulation of the 
‘basic engineering course which is the current 
system of training and is a balanced com- 
bination of lectures and the tutorial system. 
It incorporates laboratory work, practical 
workshop training, provision for private 
study and evening tutoring on university 
lines. The course is, in fact, modelled 
broadly on a university mechanical engineer- 
ing degree course and the passing-out stan- 
dard is at degree level and is acceptable for 
associate membership of the Institution of 
Mechanical Engineers and of the Institute 
of Marine Engineers. 

The problem of improving the training of 
engineer officers involved not only the 
devising of a new syllabus but also the 
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pressing question of accommodation. Fo, 
the college at Keyham had become unsuited, 
with the passing of years, for its origina) 
purpose. The class-rooms fall far short of 
modern ideas and the fixed equipment js 
out of date ; but perhaps the more important 
factor is that, for physical reasons, the 
accommodation cannot be expanded to 
meet the need to train ever increasing num. 
bers of engineer officers. This position also 
applies to the provision of the training 
facilities required to cope with the greater 
complexity and diversity of main and 
auxiliary machinery to which is added the 
need to train specialists in aeronautical and 
ordnance engineering. With the realisation 
of the need to expand the Admiralty acquired 
a hundred acre estate at Manadon, on the 
outskirts of Plymouth. The new college was 
opened as early as 1940. But the buildings 
were mainly temporary. Four years later 
the first building programme was _ under- 
taken and upon its completion in 1946 the 
old and new colleges at Keyham and Mana- 
don were commissioned as H.M.S. “ Thun- 
derer.” Since that date a second building 
phase, including the completion of the 
instructional block and the construction of 
the engineering workshops, has been under- 
taken and was finished in 1951. But the 
criticism seems called for that progress has 
been slow. To complete the college much 
remains to be done. A modern engine test 
shop is required, there are laboratories for 
the study of aero structures, aerodynamics 
and electrical engineering still to be built, 
and a permanent accommodation block for 
the total complement ‘of five hundred is sadly 
needed. This year, as is mentioned in an 
article on:page 201 of this issue, approval has 
been given to build part of the new accom- 
modation block, with the object of enabling 
officers still living at Keyham to transfer to 
Manadon. But those already at Manadon 
will have to continue living in the temporary 
hutments which already have passed their 
normal useful span of life. For really efficient 
working of the college the pressing need is 
that the present slow development should be 
expedited and plans revised to enable 
Manadon to function as a complete entity 
at an early date. There will be sadness when 
Keyham, with its mess, said to be the second 
oldest in the Royal Navy, is finally closed 
down and Keyham trained officers will 
have some nostalgic feelings. But there 
can be no doubt that the decision to concen- 
trate the training at Manadon where facilities 
will become so much better than those 
existing at Keyham, is the right one. No 
doubt, too, traditions built up at Keyham 
will form the root from which the newer 
traditions, already gathering around Mana- 
don, will grow up. 


VERTICAL FLIGHT 

The steady growth over the past very 
many years in the size of airfields in order to 
permit their use by aircraft of higher take-off 
speeds has for long been creating concern. 
That concern is not only aroused by the way 
such large airfields take up land in demand 
for other purposes. It is made all the 
deeper from the fact that it is becoming 
increasingly difficult to find unobjectionable 
sites. The recently concluded Gatwick 
enquiry would have emphasised that point 
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even more strongly than it actually did 
had the discussion of alternative sites been 
mitted. The trouble could be overcome 
if aircra{t were capable of climbing vertically 
fom the ground ; and now that in very 
highspeed military aircraft the thrust of 
jet engines is approaching the full laden 
weight the possibility is coming very near. 
Once jet thrust exceeds full laden weight vert- 
ical take-off will become possible. Of course, 
if vertical take-off is adopted a new risk is 
introduced should an engine cut-off. But, at 
east for military aircraft, it is a risk that will 
be accepted. Quite apart from that risk, 
however, it seems clear that a new flying 
technique will have to be introduced and 
learnt by all who would fly such machines. 
That the pilot might have to adopt a prone 
position in the fuselage is but a minor possible 
consequence—indeed, the aircraft designer 
could hardly fail to welcome the resulting 
reduction in fuselage diameter. To some 
engineers the attainment of vertical flight 
by this means may be thought to border on 
the fanciful. But although little has been 
published on this matter it appears that a 
certain amount of experimental work in this 
direction is already in hand, notably by the 
Consolidated Vultee Corporation and the 
Lockheed firm in America—where “ engine 
and pre-flight tests” are reported to be pro- 
ceeding. Both these craft (“ XFY-1” and 
“XFV-1”’) have, it seems, been designed 
with the purpose of taking-off and landing 
vertically without loss of the ability to fly 
horizontally at fighter speeds. Further 
details and the arrangements for the pilot’s 
accommodation have yet to be announced. 
Both specifications aim at the fulfilment of 
U.S. Naval requirements, but much wider 
applications of the idea are sure to follow. 
But it is hardly likely that this kind of 
vertical flight will make much appeal to 
those in charge of civil airways. For quite 
apart from the difficulty of devising satis- 
factory seating, the risk is not tolerable. 
Moreover, civil airlines have the simpler 
alternative of introducing the rotary wing 
as a means of achieving both vertical take-off 
and vertical landing, though, it is true, with 
but very moderate speeds of horizontal 
flight. It is, however, a nice question 
whether the present public anticipation of 
what helicopter transport may do for it is 
justified. For airport feeder work it certainly 
has possibilities since the sole perfect alter- 
native would be to provide a fast and fre- 
quent railway connection, and the capital 
cost of that—when not already in demand for 
some vastly busier service, as at Gatwick— 
would be so great as to be out of the question. 
At the moment many kinds of helicopter 
are small, noisy and expensive, and possessed 
of a marked tendency towards being occasion- 
ally unstable as well as being hard to fly. 


But a great deal of development work is | 


in hand. It seems reasonable to expect that 
these disabilities will be overcome. At least 
one Continental airline does not regard 
them as prohibitive of the use of helicopters 
for civil passengers. Such craft need to have 
improved load-carrying capacity, to be 
powered by two or more engines, to be 
faster and, it is to be hoped, more comfort- 
able to the passengers in respect of vibration 
and noise. According to a current handbook 
On aircraft recognition, there are now more 
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than fifty different types of rotary winged 
aircraft in use, of which rather over half are 
of U.S.A. design and the rest shared mainly 
by Great Britain, France and Russia. So 
much activity suggests rapid improvement. 

When shortly after World War I Sefior 
Cierva accepted the invitation of the British 
Government Department concerned to 
demonstrate his rotary wing “ autogiro” in 
this country, it was widely acclaimed for its 
ingenuity, and further models were built. 
But there was then little inducement for 
British manufacturers to make a considerable 
break from their current designs of fixed 
wing craft. Nor was there any R.A.F. 
demand for it. Moreover, although the 
autogiro could land on an area of the size 
of a tennis court it could not, in its normal 
form, take-off from one; though in one 
model demonstrated before the war the 
engine could operate the windmill, tempor- 
arily, through a clutch, which was disengaged 
once the craft had “jumped” off the 
ground. A combination of the principles 
of the fixed wing aircraft and the helicopter 
or the autogiro may well afford the 
best way of employing the rotary wing 
principle, especially if the problems of 
designing a fully statisfactory pure helicopter 
should prove too hard or too costly. In 
present airliners passengers expect a high 
degree of comfort and safety and they must 
be expected to demand much the same 
standard in any form of airport feeder trans- 
port also. But the public has perhaps been 
encouraged to expect rather too much of the 
helicopter too soon. So far helicopters have 
been too small in size to afford a lifelike pic- 
ture of the future, whilst the probable habits 
and ways of large ones are still little known. 
Speedy and painstaking development is 
required from producers and patience from 
would-be users. 





Literature 


Non-Ferrous Foundry Metallurgy: The Science 
of Melting and Casting Non-Ferrous Metals 
and Alloys. Edited by A. J. Murpny. 
London: Pergamon Press, Ltd., 242, 
Marylebone Road, N.W.1. Price 70s. 

NON-FERROUS founders have been making 

castings for some 6000 years. In Egypt, 

copper castings were commonly used for the 
larger tools at the beginning of the dynastic 
period, about 3500 B.c.; while, at much the 
same period, before 3100 B.c., little cast 
figurines of copper were often put into the 
foundations of the earliest Sumerian cities, 
as Lagash and Girsu. In Egypt, by the time 
of the XIIth Dynasty (2200 B.c.), cire perdue 
casting with a core was common, and a high 
degree. of skill had been attained, the core 
being very accurately centred. in the mould, 
and the metal sometimes run in surprisingly 
thin section. All this earlier practice was, 
however, empirical; founders of to-day 
still find many castings troublesome to make, 
and there has now been for some decades 
an increasing tendency to regard founding 
as a science rather than an art. The present 
very comprehensive book contains much 
evidence to support this view, and non- 
ferrous foundrymen would do very well to 
consult it, for it contains the answers to many 
of the problems which confront them daily. 

One difficulty is the vast amount of data in 

the book, some 3,500,000 words, not deduct- 

ing the space taken by the text figures. The 
foundryman must ‘thus cover a great deal of 
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ground in order to find out everything that 
may affect the quality of his particular cast- 
ings. This, of course, he should do in any 
case, but the book contains a good deal of 
matter—such as the frequently detailed com- 
parisons of the mechanical and physical 
properties of the various groups of alloys— 
which is not specifically necessary for the 
making of good castings. Again, the price 
is too high for most foundrymen. On the 
other hand, the book is essential for reference 
purposes in the libraries of technical schools 
and universities, research associations and 
many commercial undertakings. 

The main sections, many of which are by 
specialist authors, are :—Introduction (the 
Editor) ; Some Properties of Liquid Metals 
(D. C. G. Lees) ; The Solution of Gases in 
Liquid Metals (D. C. G. Lees) ; Solidifica- 
tion (W. A. Baker) ; Non-Ferrous Foundry 
Technology, comprising production of metal 
castings (J. E. Garside), casting of ingots for 
subsequent use (V. Kondic), and industrial 
melting of non-ferrous metals and alloys 
(J. E. Garside) ; Properties and Testing of 
Castings, comprising metallurgical principles 
(W. A. Baker), mechanical properties of 
castings (E. Scheuer), influence of form and 
environment on endurance of castings (R. J. 
M. Payne), measurement of gas content of 
cast metal (C. E. Ransley}, and non- 
destructive testing of castings (O. Vaupel) ; 
Casting Alloys, comprising copper-base 
alloys (W. A. Baker), nickel-base alloys 
(F. Hudson), aluminium-base alloys (R. T. 
Parker), magnesium-base alloys (F. A. Fox), 
zinc-base alloys (L. A. J. Lodder), tin and 
lead-base alloys (A. Street), and silver, gold, 
platinum and their alloys (J. C. Chaston). 

There is little need for criticism of the 
technical matter. The term “ porosity” 
might be defined more specifically. Thus, 
gas bubbles liberated from the metal on 
solidification may be entrapped, giving rise 
to “gas porosity” in the solid casting 
(page 7). The presence of such bubbles (in 
aluminium-copper alloys) is useful in counter- 
acting unavoidable shrinkage, which may be 
converted into general unsoundness rather 
than a localised cavity, such gas-unsound 
castings being often more leakproof than 
gas-free castings (page 406). The absence 
of pipes in rimming steel ingots, which are 
full of gas holes, as compared with the pro- 
nounced piping in killed steel ingots, is 
familiar to all. The term “ porosity” in 
castings should be restricted to the presence 
of interconnected cavities, predisposing to 
failure in the hydraulic test ; the presence 
of disconnected gas bubbles being described 
as “‘ gas unsoundness.” There is a compre- 
hensive section dealing with the testing of 
moulding sands (pages 177-190), in which it 
should be noted that one of the recommended 
methods of determining moisture content, 
drying at 105-110 deg. Cent. to a constant 
weight, does not give a correct value with 
some sand mixtures, as- those containing 
linseed and similar oils. Again, in discussing 
the plasticity or flowability of a moulding 
sand (page 186), there is no mention of 
the shatter test, which we regard as 
essential in assessing this quality, both for 
green and dry-sand work. The substitution 
of 40 per cent of natural sand for silica sand 
in oil-sand work (page 187) appears largely 
to invalidate the fundamental quality of an 
oil-sand core, i.e. its ready removal after 
casting. 

The statement on page 311 that fretting 
corrosion has been regarded as a form of 
corrosion fatigue is not supported by- the 
evidence of practice. Fretting corrosion is 
caused by the mutual attrition of closely- 
fitting surfaces, usually of steel, followed by 
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the oxidation of the resulting debris. Fatigue 
failure may be initiated from the regions 
affected. Corrosion-fatigue commonly occurs 
in practice by the development of corrosion 
pits on surfaces not in contact, fatigue cracks 
developing from the acute-angled bottoms of 
the pits. These two kinds of attack are 
fundamentally different. These are minor 
criticisms and the book is very heartily 
recommended. 


Microscopical Techniques in Metallurgy, by 
Henry THOMPSON. London: Sir Isaac 
Pitman and Sons, Ltd., Parker Street, 
Kingsway, W.C.2. Price 18s. 

Tuts book, described as a reference work 

for students, inspectors and examiners in 

the metal industries, constitutes a most 
useful summary of micrographic technique. 

The individual chapters discuss selection 

of the specimen, mounting, mechanical 

polishing, electrolytic polishing, etching, the 
metallurgical microscope and electron micro- 
scope, photomicrography, colour photo- 
micrography, flake and grain size determina- 
tions and inclusion ratings, and the inter- 
pretation of microstructures. Each chapter 
has also a bibliography, enabling one to 
obtain more detailed information on most of 
the matters dealt with. The author says 
that microscopical examination is of such 
importance that it is universally adopted as a 
standard method of inspection, regardless of 
whether the material in question is a routine 
product, or an experimental one about 
which information is required. So far as the 
maker is concerned, this is certainly true. 
The steelmaker uses non-metallic inclusion 
counts as a criterion of quality and also 
verifies the correctness of heat-treatment by 
micro-examination. In the production of 
spheroidal graphite cast iron, the absence of 
flake graphite is confirmed in the same 
manner. The microscope has a similar 
utility in the manufacture of castings of 
aluminium alloys, high-tensile brasses and 
various other materials. But the purchaser 
in general cannot buy forgings or castings 
to a stipulated microstructure and can thus 
employ micro-examination only to explain 
unsatisfactory test values, which have already 
shown that the parts are not of the quality 

specified. The microscope has, of course, a 

further utility in the investigation of failures 

in service. 

The book contains 152 micrographs (a 
number being often included in the same 
figure), 127 supplied by research associations, 
technical journals, &c., and twenty-five by 
the author. These are substantially of high 
quality, comparatively few being unworthy 
of inclusion. There is a useful chapter on 
the interpretation of microstructures, with 
figures and discussion of the iron-carbon, 
copper-zinc, copper-lead, copper-aluminium 
and aluminium-magnesium equilibrium dia- 
grams. Here the difficulties involved in the 
contracted treatment of any complex subject 
inevitably present themselves. One has to 
resist the temptation to simplify explanation 
by leaving out all the difficult parts. It is 
also difficult to avoid making general state- 
ments, which are mainly correct, but should 
strictly be hedged about with provisos; and, 
without those qualifications, are misleading to 
the novice. 

Thus, the author says (page 115) that the 
conditions under which the constituents of 
steel occur may be ascertained by reference 
to the iron-carbon equilibrium diagram. 
This is true for austenite, ferrite, pearlite 
and cementite, but conditions of equilibrium 
are not obtained in rapid cooling, and the 
existence of various transition products— 
martensite, troostite (or bainite) and sorbite 
—obtained on quenching is not shown by 
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reference to the equilibrium diagram. The 
ferrite produced by the prolonged annealing 
of pearlite is hardly “* segregated,’ but is 
merely merged into the surrounding free 
ferrite. Segregated coalesced cementite 
results, however, from such annealing. The 
author says (page 113): “ Normally un- 
stable, austenite cannot be obtained by 
quenching although it may be found with 
the constituents of hardened steel and can be 
identified in certain alloy steels, as for 
example, 30 per cent alloys which are 
austenitic at ordinary temperatures.’ With 
the higher carbon and many alloy steels, 
considerable proportions of austenite may 
be retained on direct quenching; for 
example, from 10 per cent in a 1 per cent 
carbon steel to 65 per cent in a 1-7 per cent 
carbon steel; and special methods of 
quenching, such as martempering, must be 
used for the complete conversion of austenite 
to martensite. Steels which remain austenitic 
at ordinary temperatures contain usually 
not less than 18 per cent of chromium and 
8 per cent of nickel, with, frequently, addi- 
tional elements to impart special qualities, 
a further softer variety containing about 
12 per cent each of chromium and nickel. 
Steel containing 11-14 per cent of manganese, 
with 1-0-1-3 per cent of carbon, is also 
completely austenitic when water-quenched 
from 1000 deg. Cent. A number of minor 
criticisms could be made of this part of the 
book. These, however, do not detract 
seriously from its utility ; for any book on 
micrographic methods should be used in 
conjunction with a metallurgical text book 
which deals fully with the matters in question. 





SHORT NOTICES 


Hydro Power Engineering. By J. J. Doland. 
New York: The Ronald Press Company, 15, 
East 26th Street, 10, N.Y. Price 7.50 dollars.— 
This textbook is intended to accompany a three 
months’ course, and to give a practical rather 
than a theoretical approach to the design of 
hydro-electric power installations. The funda- 
mentals of the subject are outlined at the begin- 
ning of the book, and then the problems of 
selection of turbines and the related design 
problems of dimensioning the hydraulic parts of 
the power station are explained. The economic 
aspects of hydro-electric power generation are 

i , as is the association of this form of 
power generation with steam power. What are 
described as “appurtenances” of hydro-electric 
plant—i.e. dams, control works, gates and valves, 
pipelines, surge tanks, and -so on—are dealt 
with in one of the chapters. The author states 
that the book has been kept small so as to allow 
time for the study of new material, for the subject 
is one which is advancing rather rapidly, and 
training which students receive generally in 
other courses in the design of dams and in elec- 
trical and mechanical design has been omitted. 


Beam Formulas. By A. Kleinlogel. Trans- 
lated by H. G. Lorsch. London: Crosby 
Lockwood and Son, Ltd., 39, Thurloe Street, 
S.W.7. Price 40s.—Seventy-two loading con- 
ditions for simply supported beams, each with 
load, shear, and moment diagrams, are given in 
this book. For ten cases, formule for beams 
fixed at both ends or with one fixed and one 
simple support are also given. A method of 
constructing the diagrams for these conditions is 
given, as well as a method for obtaining data for 
beams with fixed ends subjected to the remaining 
loading conditions. 

Liants Hydrocarboné: Mortiers et Bétone 
Bitumineux. By M. Duriez and J. Arrambide. 
Paris : Dunod, 92, Rue Bonaparte (vi). Price 
6300 F.—This volume, in the French language, 
gives a comprehensive account of the properties 
of bituminous binding materials. Colloidal 
chemistry, the properties, tests and analyses of 
these materials, specifications for road works 
and various other applications are discussed, 

nerally in considerable detail. The volume 
orms part of the collection of the central library 
of the Ponts et Chaussées. 
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Letters to the Editor 


(We do not hold ourselves r ible for the opinic 
‘espons: ) opinions of ow 


EXHAUST SILENCING OF Piston. 
ENGINED AIRCRAFT, HELICOPTERS, 4 


Sir,—I have read with much interes: the dis. 
cussions in Parliament on the above subject ang 
the many letters of protest which have appeare 
in the daily Press. Every scientific advan 
generally seems to cause much destructiy 
criticism, helpful suggestions usually being 
absent. I remember well when Monsiey; 
Bleriot flew the Channel in 1909 a quite we. 
informed lady said to me that it was a wonderfyi 
achievement, but she was quite certain that jf 
God had meant us to fly he would have given ys 
wings and therefore it was quite wrong to fly ang 
must never be done again ! 

May I remind your readers that I was rp. 
sponsible for a highly successful demonstration 
at Hanworth Aerodrome, Middlesex, in Septem. 
ber, 1934, when in front of all the appropriate 
authorities a number of well-known single ang 
twin-engined aircraft were flown at varying 
heights, The engines were fitted with exhauy 
silencers, designed and made by my private 
company, C. G. Vokes and Co,, Ltd. Aj 
2000ft, generally speaking, the machines wer 
inaudible from the ground and, to quote a con 
temporary report, “‘ With the silencer there was 
very little noise indeed, and when the machine 


was flying at 500ft anyone on the ground might & 


quite well have been pardoned for thinking that 
it was only a motor-car passing along a nearby 
road. The reduction of noise in the cabin was 
equally outstanding, and conversation was easily 
carried on.” 

The weight of the exhaust silencer was very 
low ; in one case it was only 161b, and the 
reduction in revolutions per minute, due to 
increased back pressure in the engine, was about 
fifty. Further, a noise reduction of 30 decibels 
had been obtained with many different engines. 

It is also interesting to note that approval for 
the fitment of silencers was given by the Air 
Ministry at that time for a number of machines, 
With a success of this nature twenty years ago 
and the intervening years of research and 
development, I do not think there can be any 
insurmountable technical problems to obtain 
either equally good or probably better results. 

I understand there are a number of municipally 
owned aerodromes which have not been able to 
progress or expand because of the noise problem, 
and I sincerely hope this letter will give them the 
necessary incentive to tackle this problem. 

C. G. Vokes 

Holybourne, Hampshire, July 27th. 


BATTLE OF THE BOILERS 


Sir,—The very interesting articles contributed 
by Engineer Rear-Admiral Scott Hill, appearing 
in your issue of July 16th and 23rd, call to mind 
my early days as an apprentice in the engine shop 
at the works of the Naval Construction and 
Armaments Company, Barrow-in-Furness, which, 
as it so happens, coincided with the earlier 
development of the Belleville water-tube boiler. 

When I first commenced to serve my time | 
well remember two notable ships then in pro- 
gress were H.M. cruisers ‘‘ Niobe ” and “* Amphi- 
trite,” both of which had Belleville boilers, and 
the interesting point is that I feel fairly sure that 
the latter was the first naval ship at any rate to 
have Belleville boilers fitted with Belleville 
economisers, as shown by the excellent drawings 
appearing in your issue of July 16th, pages #4 
and 85. While I do not recollect that I ever had 
much to do with the actual boilers, I do remember 
the blowing engines mentioned by the author 
and I also remember the feed regulators and the 
Belleville reducing valves. 

The blowing engines were, to the best of my 
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recollection, two crank vertical compound 
engines With the steam and air cylinders in 
tandem, the former being above the latter. The 
poilers themselves were largely, I would say, a fit- 
ting shop rather than a boiler shop job on account 
of the amount of work required to assemble the 
tubes in the junction boxes, into which they were 
screwed and held fast by rings screwed hard up 
against and facing on the junction boxes. The 
mating faces were, I think, hand-scraped to 
make a proper joint. Mind you, however, I am 
writing about happenings many years back. 
Although a young and, I fear, at times a some- 
what wayward apprentice in the estimation of 
my foreman, I was always extremely interested 
in what was going on in general, often to the 
detriment of the actual job I was supposed to be 
doing, though, as it happens, I really did work 
on the boiler auxiliary equipment I have men- 
tioned. Keeping in mind the opening remarks 
made by the author in the first paragraph of the 
article, it will be of interest to recall a paper 
entitled “‘ Review of Marine Engineering during 
the last Ten Years,” read at Barrow by Mr. James 
McKechnie (later, Sir James), on the occasion 
of the “* Mechanicals"”. summer meeting in 
1901. Little mention was then made of water- 
tube boilers, the author merely remarking» as 
follows: “‘ The author naturally begins. with 
steam generation and it will no doubt conduce 
to the general harmony if the subject. of 
the water-tube boiler is not dealt with. It 
would demand too much time; the question 
is more or less sub judice, and its consideration 
in any case would involve a protracted dis- 
cussion... .”” See THE ENGINEER, August 9, 
1901, page 157. 

I perhaps should apologise for offering these 
rambling remarks; my only excuse is my 
interest in these articles on this boiler problem of 
long ago for reason which I fancy will be obvious. 


E. C. POULTNEY 
London, N.W.3, July 28th. 





British Engineer Appointed to the 
World Bank 


It has been announced that Mr. Brian H. 
Colquhoun has been appointed engineering 
adviser to the International Bank for Recon- 
struction and Development (commonly called 
the World Bank). Mr. Colquhoun, who is 
fifty-one, is the senior partner of Messrs. Brian 
Colquhoun and Partners, consulting engineers. 
As engineering adviser to the World Bank, Mr. 
Colquhoun will be concerned with the technical 
questions which arise in the course of the Bank's 
participation—participation which can _ be 
expected to an increasing extent—in development 
projects in many different countries. Many of 
these projects require large-scale civil engineering 
works connected, for instance, with electrical 
power, irrigation schemes, port development and 
road and rail construction. Mr. Colquhoun will 
be seconded by his firm for the two years of his 
appointment, and will be leaving shortly for 
Washington. At the age of twenty-eight, after 
experience'in England and Mexico, Mr. Colqu- 
houn became resident engineer and later engineer 
in charge of the design and construction of the 
Mersey Tunnel. At the outbreak of war, he 
was engineer in chief of the Royal Ordnance 
Factories—among the largest in the country— 
at Chorley, Risley and Kirkby. In 1940, he 
was given special powers for rehabilitation after 
bombing of all war production factories in 
Coventry, Birmingham, Southampton, Sheffield, 
Manchester, &c. In 1941, at the request of 
Lord Beaverbrook, he joined the Ministry of 
Aircraft Production as director-general of aircraft 
production factories. After the war, under Mr. 
Colquhoun’s direction, his firm has been 
responsible for many important works, including 
_ é Brabazon “ aircraft assembly hall at 

ristol, 
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Manadon Royal Naval Engineering 
College 


The Royal Naval Engineering College at Manadon was opened in 1940 and in 1946 
the colleges at Keyham and Manadon were commissioned as H.M.S. “‘ Thunderer.” 
It is intended to close the out-of-date Keyham and develop Manadon as the Engineer- 
ing Training Establishment for the Navy and the second phase of the Manadon 
expansion programme for this purpose was completed in 1951. Another phase, the 
building of part of the accommodation block, has now been approved. A brief 
history of the development of naval engineering is given and an outline of the 
present basic engineering course for engineer officers. 


T the invitation of the Chief of Naval 

Information we were able to pay a visit to 
H.M.S. “* Thunderer” to see the developments 
which are going forward at the Royal Naval 
Engineering College at Manadon. It is over 
four years since we visited the colleges at 
Keyham and Manadon, of which some account 
appeared in the issues of THE ENGINEER of 
February 24 and March 3, 1950, It is evident 
that some progress has been made but much 
more remains to be done before Keyham can 
be closed and the whole of the training of Naval 
engineer officers undertaken at Manadon. Until 
that is accomplished about 150 officers must 
continue to reside at Keyham and so handicap 
the training schedule. 


HISTORY AND DEVELOPMENT 


Although the Engineering Branch of the Navy 
has only existed for about 120 years its history 
is linked with the period during which the greatest 
changes have taken place, the transition from 
the ship-of-the-line of Nelson’s day to the 
modern aircraft carrier. From Papin’s engine in 





1690 the steam engine has been steadily developed 
by Newcomen and James Watt and others and 
was eventually adapted to ship propulsion by 
men such as John Fitch, although it was not 
until the. appearance of Henry Bell's ‘“‘ Comet “ 
in 1812 that steam navigation began to be given 
serious consideration. The first steam vessel in 
the Navy was purchased into the Service in 
1821, to be followed by others, but it was not 
until seven years later that steamships appeared 
in the Navy List. As the years passed the 
number of such ships steadily increased and the 
Crimean War served to demonstrate the value 
of steam so that a point was reached when no 


more ships solely relying upon sails were laid 
down. While steam was gaining the ascendancy 
over sails there was a controversy over the 
merits of paddles compared with the screw 
propeller as a means of propulsion, which cul- 
minated in the “ Alecto” and “ Rattler” 
trials and which demonstrated the superiority of 
the screw. With the development of steam 
machinery the question of boiler pressures to be 
employed gave rise to considerable argument 
and 10 Ib per square inch’ was advocated as the 
safe maximum in 1846. This figure compares 
with the 400 Ib per square inch of the present 
day and serves as some measure of the advances 
made over the years, including the transition 
from the box boilers last fitted in H.MLS. 
** Thunderer’* in 1876 to high pressure oil- 
fired water-tube boilers now in use. 

Little is known of the earliest engineers in 
the Navy, the first recorded entry being in 1826, 
but history records that those whose duties were 
to tend machinery were held in little esteem and 
opinion was prejudiced against them. However, 
engineers were granted Warrant rank in 1837, 


Manadon House, the headquarters of the officer commanding the Royal Naval Engineering College 


after Captain Edward Parry, the explorer, 
became ‘Comptroller of Steam Machinery ~ 
and this step is considered to be the true begin- 
ning of the Engineering Branch. Subsequent 
history is a record of a long struggle to achieve 
recognition and status, to formulate training 
methods and found training establishments, and 
to create a suitable internal organisation to 
keep pace with technical developments. In 1841 
the Engineer’s Button, carrying a picture of a 
side-lever engine embossed, was introduced and 
continued, together with a special arrangement 
of the buttons, to act as a distinguishing mark 
of the Engineering Branch for fifteen years. 
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The College from the north-west, showing the workshop and instructional blocks, the 
hangars and accommodation hutments 


It was then abolished although the arrangement 
of buttons remained until coloured stripes were 
introduced in 1863. The division of engineer 
officers into three ranks, in 1847, with Inspectors 
of Machinery Afloat and Chief Engineers 
appointed by Commission and ranking with 
junior captains and lieutenants, respectively, 
marked the second step in the advancement of 
the branch. The two ranks mentioned above 
appeared in the Navy List in 1849 but it was not 
until 1870 that the third rank, that of Assistant 
Engineers, was included. In the succeeding 
years various new ranks were introduced, 
including Chief Inspector of Machinery with 
the rank of Rear Admiral and Fleet Engineer 
with the rank of Commander, and adjustments 
made to remove anomalies. 

The Selborne-Fisher scheme came into being 
in 1902 to help to resolve the antagonism between 
the branches and eventually the Executive 
and Engineering Branches were amalgamated, 
but it was not until 1914 that most of the wrongs 
were redressed and peace was established. 

As regards the training of engineers in the 
Service, in 1828 boys began to be entered as 
“Engineers Boys” and were trained for five 
years afloat. Then, for a period of three years, 
from 1843, ‘* Engineers Boys“ were accom- 
modated on the barque ‘ Sulphur,” and later 
as “Engineer Students’’ they were able to 
receive their education at the Royal School of 
Naval Architecture and Marine Engineering 
which was opened in South Kensington in 1864 
and continued until 1873 when the Royal Naval 
College at Greenwich was opened. With the 
continued expansion of the application of steam 
machinery to the fleet, recruitment and training 
were matters requiring careful study and as a 
result of the recommendations of a committee, 
under the chairmanship of Admiral Sir Ashley 
Cooper-Key, the old “ line of battle” ship “* Marl- 
borough” was appropriated, in 1877, as a 
training establishment for Engineer Students. 
Three years later the training school at Keyham 
was opened and eventually absorbed all the 
students when ‘* Marlborough * was closed in 
1888. Since that date Keyham has continued 
to train engineers for the Navy until it was 
closed in 1910 to be reopened in 1914. How- 
ever, the first world war intervened and it 
was not until 1919 that the College reverted to 
the training of engineer officers. 

In the process of time the buildings became 
outmoded and the fixed equipment out of date, 
added to which the Navy’s technical demands 
rapidly grew, with the increased complexity 
and variety of machinery and auxiliaries, and 
there was also the need for specialist training in 


aeronautical and gunnery engineering. These 
requirements could not be met by the accom- 
modation at Keyham, which only had space to 
train 150 officers under conditions of a reason- 
able degree of comfort and efficiency and was 
incapable of expansion. Under these circum- 
stances the Admiralty purchased a 100-acre 
estate at Manadon, on the outskirts of Plymouth, 
including an early seventeenth century building, 
Manadon House, and an old tithe barn, for 
development as a training establishment. A 
few years later, in 1940, the Royal Naval Engin- 
eering College at Manadon was opened with 
temporary accommodation buildings. Further 
temporary buildings were added and consider- 
able sums of money were spent on equipment 
and buildings, including the permanent instruc- 
tional block, the eastern section of which was 
in use by 1945. One year later both the training 
establishments, Keyham and Manadon, were 
commissioned as H.M.S. “‘ Thunderer.”. Other 
buildings erected on the site by this time were 
temporary recreational block, No. 1 permanent 
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hangar, and two pentad pattern hangars. By 1951 
the second phase of development at Manadon 
was completed and included additions to the 
instructional block and the engineering work- 
shops. The former, which now covers about 
five acres, includes modern lecture rooms, 
complete with wall-charts, well-equipped labora- 
tories for physics, chemistry, metallurgy, mecha- 
nics and hydraulics, a library and reading room, 
and a drawing-office. The workshops are fitted 
with a comprehensive range of modern machines 
capable of demonstrating all operations in 
mechanical engineering and covering such items 
as casting, welding, forging, and heat treatment. 
There is an aero-engine workshop in which are 
mounted a variety of engines, including modern 
jet engines, many of which are sectioned to 
aid study. In addition there is a:test house for 
carrying out full-scale running tests on aero 
engines, while in the hangars are various air- 
frames and aircraft for study purposes. The 
equipment in the factory area enables the 
students to gain practical experience in the 
handling of tools and machines, to strip and 
reassemble machinery and to diagnose the 
causes of machinery breakdowns and rectify 
faults. 

Much remains to be done to make Manadon 
the complete college ahd perhaps the most 
pressing need is the building of permanent 
accommodation for a total complement of 500 
so that students and staff can be suitably housed 
and the temporary hutments dismantled. Mean- 
while, about 150 officers continue to live at 
Keyham. However, approval has been given 
and work will soon be started on part of a new 
accommodation block to provide messing 
accommodation for the whole complement and 
enough cabins to enable Keyham to be evacuated. 
Eventually all the buildings at Keyham will be 
taken over by Devonport Dockyard Technical 
College so that at Manadon an electrical engineer- 
ing laboratory is required, and laboratories for 
the study of aero-structures and aerodynamics 
and a modern engine test shop. 


SCHEME OF TRAINING 


For nearly three-quarters of a century the 
Navy has trained its own engineer officers and 
this policy has not only withstood the test of 
two world wars but is in accord with modern 


thought. In the years preceding the second 
world war pressure of international events 
made evident the need to develop more efficient 
machinery and to modernise the fleet. The 
economic position in merchant shipping circles 
had slowed down research so that the position 
was created which made it necessary for the 
Royal Navy to enter this field. Up to this time 
the task of the college was to produce engineer 


The hydraulics laboratory. The equipment includes a small towing tank and pipework of various 
ers for pipe flow experiments 
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officers capable of operating and maintaining 
the machinery of the fleet, but this changed when 
the Royal Air Force gave up the control of the 
air branch and the Fleet Air Arm was formed. 
This brought about the need to provide.specialist 
Officers to maintain and test aircraft and to 
help with the development of the flight deck 
machinery required by aircraft carriers. Another 
factor also played its part in amending the 
earlier concept of training requirements and 
that was the rapid developments in the gunnery 
branch. Rates of fire were increased and new 
fire control systems evolved, all of which called 
for the services of specially qualified engineer 
officers to maintain the wide range of complicated 
gun mountings. 

Because of the widely diverse technologies 
which come within the compass of naval engineer- 
ing it is now necessary to incorporate three 
specialisations, namely : marine, ordnance and 
aeronautical engineering, within the one Mecha- 
nical Engineering Branch. Although certain 
false impressions may still exist concerning the 
engineer officer he has in fact to be a highly 
trained officer and accepted as such by the pro- 
fessional bodies. Apart from fitting them to be 
leaders of men the Basic Engineering Course at 
Manadon is designed to train officers so that 
they are capable of undertaking the design, 
production, installation and maintenance of all 
naval machinery, except electrical machinery, 
and also a vast number of other tasks which 
may fall to his lot during his career. 

The present sequence of training provides 
courses for cadet entry engineer officers, all of 
whom eventually pass through the college. 
Before attending the college these officers undergo 
training at the Britannia Royal Naval College, 
Dartmouth, for a period of two years for the 
sixteen-year-old entry or of one term for the 
special entry at the age of seventeen-and-a- 
half years. Then follows a period of eight 
months in a training ship, consisting of two 
cruises, after which they are given the rank of 
midshipman (E) and go to sea for a further 
period of eight months in a big ship, their time 
being divided between each department of the 
ship, including two months in the engine-room. 
At the end of this period they are appointed to 
the Royal Naval Engineering College to take the 
basic engineering course, which covers a period 
of two years. Then as _ sub-lieutenant (E) 
they proceed to sea for one year, after which 
they are promoted to lieutenant (E) and return 
to college for one year to follow a specialist 
course to complete their training at the age of 
twenty-three years four months. 

In addition to the basic course there is an 
upperyardmen’s course for entries from 
engine-room, air and ordnance artificers: this 
lasts for one year and is then merged with the 
second year basic course so that the passing- 
out standard for the entry is the same. For men 
with a university degree there is a course lasting 
for one term and mainly concerned with work- 
shop practice and naval acquaintance before the 
entry proceeds to sea with the basic courses. 
There is also a course, lasting about six months, 
which commissioned officers attend upon pro- 
motion. The national service entrant serves four 
months as a rating, after which he is pro- 
moted to acting sub-lieutenant (E) and does a 
post graduate professional course in the practice 
of marine engineering before proceeding to sea 
to obtain a watchkeeping certificate or to a 
naval air station to obtain a certificate of 
competency. 

The basic course was evolved, in consultation 
with university authorities and other bodies, 
to meet the higher standard demanded of 
engineer officers due to the greater complexity 
of the materials handled in modern engineering 
and the greater degree of specialisation required. 
The standard aimed at by the Manadon course 
was that it should at least be equal to pass 
degree level and should exempt officers, upon 
successful completion, from the examination for 
associate membership of the Institution of 
Mechanical Engineers and the Institute of 
Marine Engineers. The scheme provides for 
the training on common ground of officers in 
other branches of the Navy and a sound ground- 
ing in scientific principles together with speciali- 
sation in marine or aeronautical or ordnance 
engineering. Instruction takes the form of a 


combination of lectures. and tutorial periods 
plus periods for practical scientific work ‘in the 
laboratories and other practical work in the 
workshop. Provision is also made for private 
study during working hours and for evening 
tutor periods. The course provides a good 
grounding in mathematics, physics, chemistry, 
metallurgy, mechanics and thermodynamics and 
gives instruction in practical engineering as well 
as a knowledge of engineering economics. A 
working knowledge of electrical engineering is 
given and attention paid to general educational 
subjects intended to develop ability, leadership 
and to broaden the outlook, and also to power 
of command training. Throughout, the course 
is intended not to impart detailed technical know- 
ledge but rather to develop reasoning power and 
the attitude of mind which permits the individual 
to think in the field of engineering. 

It has already been noted that after a period 
at sea, this period depending upon the particular 
specialist branch of. engineering, the officers 


return to college, where they undergo a shor 
consolidation course before starting on their 
specialist courses. These expand previoys 
instruction in the sciences and undertake such 
subjects as aerodynamics and electronics, accord. 
ing to the course taken, at post graduate level, 
The purpose of the course is to equip officers 
with the ability to maintain overall operational 
control of machinery and to suggest improve. 
ments based upon knowledge of design. An 
advanced course, known as the “ Dagger” 
course, is open to a selected number of officers, 
For this marine and ordnance engineer officers 
proceed to the Royal Naval College at Green. 
wich for two years while aeronautical engineer 
officers attend the College of Aeronautics at 
Cranfield. These courses fit those attending 
them for work in the design, research and develop. 
ment ts in the Admiralty. The 
photographs which we reproduce show Manadon 
House, a general view of the college buildings 
and classes of officers under instruction. 


Test Performance of a 300kV Air- 
Blast Circuit Breaker 


By C. A. FAWDREY, B.Sc., A.M.I1.E.E., and E. L. LESTRANGE, M.Eng., A.M.I.E.E. 


= recent years there has been a rapid develop- 
ment of hydro-electric generation, and as the 
load is seldom near to the power source this has 
considerably increased the number of systems in 
which power is transmitted over long distances. 
These systems provide for bulk transmission, 
frequently with little or no interconnection, giving 
rise to conditions of instability, and the dis- 
connection of very long lines when unloaded 
is an additional problem. For use on such 
systems circuit breakers must be capable of 
interrupting voltages considerably higher than 
the 1-5 times phase-to-neutral rated voltage laid 
down in national and international (1.E.C.) 
specifications, which have been based on experi- 
ence with the concentrated networks used in 
heavily industrialised countries. 

The modern air-blast circuit breaker having a 
number of interrupting breaks in series can be 
designed to deal with such high voltages in a 
definite and consistent manner. Furthermore, 
it is especially suited to these conditions because 
its current-voltage characteristics can be made to 
match the system characteristics ; this means 
that not only can the same breaker be made to 
interrupt heavy fault currents associated with 
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rated system voltage, but it can also interrupt 
with overvoltages of the order of two or three 
times phase-to-neutral across one pole, associated 
with fault currents well below the maximum 
rating of the breaker. 

This article summarises the results of a series 
of tests on a Metropolitan-Vickers “GA” 
eight-break, air-blast circuit breaker. This 
circuit breaker is designed for networks where 
the nominal system voltage is from 220kV to 
300kV, but the voltage across one pole can reach 
400kV (r.m.s.), 50 c/s, or 800kV (peak) transient 
recovery. 


Tue Circuit BREAKER 


The “GA” circuit breaker has eight single- 
flow interrupters arranged electrically in series 
and with the air flow provided by a parallel 
supply system in which each interrupter is 
situated symmetrically with respect to the valve 
gear. Hence, the air supply to all interrupters 
is identical. Voltage grading across the inter- 
rupters is provided by non-linear resistance 
shunts, and isolation is by a sequence switch of 
open type. The exhaust blast from the inter- 
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Fig. 1—A switching station at Hikia, Finland, equipped with 220kV ‘ GA8TS8 ”’ circuit breakers 
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TABLE 1—Short-Circuit Test Results on One Pole of a 220/300kV Eight-Break Air-Blast Circuit 
Breaker, Rated Breaking Capacity 16kA 
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Tests carried out at the Trafford Park test station of the Switchgear Testing Company 
Operating air pressure 250 |b per square inch on all tests 



































1 »B c D G H J K 
poe Applied | Breaking Recovery | Rate of rise Equivalent Equivalent rate of 
Test | Operating | voltage | current voltage | of restriking || recovery voltage | rise of restriking 
No dut: (r.m.s.) sym. (r.m.s.) voltage for complete voltage for 
(r.m.s.) pole (r.m.s.) complete pole 
we kV kA kV Vius kV Vius 
ight breaks in series 
mas 382 0-971 341 3600 || 341 3,600 
4 382 -971 344 — 344 — 
3 | B 377 0-971 336 ae 336 a 
Tests on six breaks in series 
4 B 361 0-910 8 6:8 321 3600 428 4,800 
5 | B 378 0-960 3 63 340 = | 453 nie 
| £:) oe 0-960 4 6-4 338 we 450 se 
| 
besa Sn neaiae | 
iomewe 85-1 | 1-27 ‘8 6-8 18-6 2600 314 10,400 
B 95°5 1-45 9 6-9 87-8 si 351 sn 
em. 104 1-61 3 13 93-4 nn hs 373 | Wonk 
10 B 92-1 7:58 “4 5-4 84-0 | 320 || 336 1,280 
il B 92-1 7-38 “4 6-4 82-0 on | 328 i 
12 B 92:1 7°38 6 5-6 84-0 ee {| 336 iat 
B B 66-1 | 11-5 6 6-6 58-9 | 1,700 || 235 6,800 
4 B 66:1 11-5 8 6:8 60-9 | pit 243 se 
15 B 66:1 11-5 “4 6-4 60-9 | oe 243 ee 
16 B 49-4 14:2 0 7-0 42:5 | 1,900 170 7,600 
7 B 51-2 15-4 “t 6:1 44-8 ot 179 a 
18 B 51-2 15-4 ‘4 61 433 173 a 
e break 
[|e 64-2 | 11-0 “S 6S 8-9 | 30 || 471 2,400 
i a 64-2 10-6 0 7-0 56:8 | ng 454 = 
ae. 63-0 10-7 0 7-0 57-8 EB 462 ee 
a) 35-6 | 17-1 9 6-9 33-2 640 265 5,100 
3 u 36-2 17-1 3 1:3 33-8 on \| 270 sat 
“| B 35-6 | 17-1 4 6-7 Sed 7 270 “ 
| 
=| 2». 35-4 | 21-4 “$ 6:5 33-1 490 | 264 3,920 
% B 35-4 | 21-4 3 6:3 32-4 bx 259 ~— 
n 8 34-6 | 21-9 3 6:3 31-8 | 254 a 
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TABLE 11—Short-Circuit Test Results on One Pole of a 220/300kV Eight-Break Air-Blast Circuit 
Breaker with Only Six Breaks in Circuit 


Tests carried out at the Fonte: 
Operating air 





may test station of Electricité de France 
Ib per square inch on all tests 
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A B c | x2 E F G | Re oe ee a | M | N 
clea cm mmamant } | | \ 
| oe : Break- BR Equivalent|Equivalent restriking 
_—_ | Making ing Recovery Restriking recov voltage for 
Test | Operat- tage , current | current | . Arc voltage voltage voltagefor| complete pole 
No. | ing duty} (r.m.s.) | peak sym. | duration (r.m.s.) pl 
| (r.m.s.) Peak Rate pole Peak Rate 
| of rise (r.m.s.) of rise 
kV kA kA | 8x10] sx 107 kV kV Vips kV kV V/us 
1 MB 231 2°40 1-54 0-5 5-5 231 390 5 308 520 700 
2 MB 233 2-62 1-54 0-5 5-5 233 396 310 528 = 
3 MB 232 2-62 1-54 0-6 5-6 232 410 if 309 46 4 -— 
4 MB 252 1°63 0-85 1-1 6-1 252 -| 497 280 | 336 662 | 370 
5 MB 253 1-53 0-86 1-9 6-9 253 500 — 337 666 - 
6 MB 252 1-53 0-86 0-4 5:4 252 497 _— 336 662 ae 
7 MB 228 ° 2°46 0:5 5-5 228 370 900 304 | 493 1200 
8 MB 228 3-90 2°46 0-8 5-8 228 370 | — 304 493 — 
9 MB 228 4-10 2-46 1-3 6°3 2 3700 |  — 304 493 | _ 
10 MB 228 4-95 2:46 1-0 6:0 228 370 _ 304 43 | — 
i | MB | 230 + | $00 | 1-0 | 6-0 230 | 390 | 440 || 306 | 520 $80 
12 MB 229 9:20 | 4-80 0-6 | 56 229 «| 420 500 || 305 | 360 660 
13 MB 229 9:20 | 470 | 04 | 5-4 229 | 420 — || 2s | so |; — 
| | 1] | 
14 MB 228 10-0 5-60 0-4 | 5:4 228 388 =6|)=|«6«470 } 304 ee ee 
is MB 228 bg | 5-60 0-8 5:8 228 | 353 | «4450 =|) 304 470 600 
16 | MB 228 10-8 { 6:20 i-1 | 6 | 228 | 353 450 || 304 470 600 
17 | MB 228 | 12:5 | 630 | 0-4 | 5:4 228 | 353 | 450 || 304 | 470 | 600 
18 | MB 230 «| 13-3 6:30 1-0 | 60 | 20 | 37 | — | 306 «| «(476 : 
! 








rupters is used to interrupt the resistor grading 
current in the sequence switch gap. 

The type of breaker with which the tests were 
carried out is shown in the illustration of an 
installation in Finland (Fig. 1). modified 
version, employing the same air supply system 
but with detail improvements in the supporting 
column structure and valve mechanism, is shown 


Test ARRANGEMENTS 

The tests were carried out on the short-circuit 
test plant of the Switchgear Testing Company 
at Trafford Park, Manchester, and at the Testing 
Station of Electricité de France, Fontenay, Paris. 
They were conducted on one pole of the breaker, 
using from one to eight breaks as shown in the 
tables of results. Throughout the tests, the air 
supply was provided to all eight breaks in the 


in Fig. 6. 


normal manner. 


For tests carried out on less than eight breaks 
those breaks not required electrically were 


Short circuited. 


Where tests are made on less than eight breaks, 
the equivalent performance for the complete 
pole can be deduced on ‘the basis that the per- 
formance is proportional to the number of 
breaks. This deduction is justified because the 





interrupters are all of identical design, the air 
supply to each is similar, and the restriking 
and recovery voltages are evenly distributed 
across the breaks by means of resistor shunts. 


It is substantiated fl the results obtained with 


this breaker and others 
of similar type. 

All. the short-circuit 
tests were made at the 
lowest working air pres- 
sure (lock-out pressure) 
of the circuit breaker, 
but the line disconnec- 
tion tests.were carried 
out at both lock-out 
and maximum working 
pressures. 


TESTS AND RESULTS 


At the Switchgear 
Testing , plant. short- 
circuit tests were made 
up to:;the maximum 
available capacity, from 
33kV_ to. 340kV, .and 


on from one to eight —_ Fig, 5—Oscillogram of test 16, Table II : 


breaks. In all cases the 





Fig. 2—Negligible burning sustained by the contacts as 
shown by a photograph taken after the short-circuit 
and line disconnection tests at Fontenay, Paris 





ig. 3—Oscillogram of test 1, Table I: interrupting 
0-971kA at 341kV at the Switchgear Testing Company 
(eight breaks 


in circuit) 








interrupting 6-2kA at 228kV at 
Fontenay test station, Paris (six breaks only in circuit) 
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breaking current was symmetrical. Table I 
shows the results obtained together with the 
equivalent performance (deduced) for eight 
breaks in columns J and K. An oscillogram 
of one of the tests on eight breaks is given 
in Fig. 3. 

At the Electricité de France test plant a series 
of short-circuit and line disconnection tests was 
made, first with all eight breaks in circuit and was 
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and 641km (138, 268 and 398 miles), which were 
energised at the network phase-to-neutral voltage. 
Test results are given in Table III. Column J 
gives the phase-to-phase voltage corresponding 
to the phase-to-neutral voltage of the tests, and 
columns K and L give the equivalent system 
voltage for eight breaks for lengths of line having 
the same charging current as the lines used for 
test, viz., 89A, 158A and 244A. Fig. 4 is an 


TABLE IlI—Line Disconnection Test Results on One Pole of 220/300kV Ejight-Break Air-Blast 
Circuit Breaker with Only Six Breaks in Circuit 


Tests carried out at the Fontenay test station of Electricité de France 
Lines 223km, 432km and 641km long 






























































































then repeated on six breaks. Only the latter 
series, being the more severe, is reproduced here. 

The short-circuit tests were made at the 
phase-to-phase voltage of the French 225kV 
network with breaking currents (symmetrical 
on all tests) up to 6-5kA, the maximum then 
available. The results are given in Table II, 
columns L, M, N, showing the equivalent per- 
formance of eight breaks. Fig. 5 shows an 
oscillogram of one of these tests. 

The line disconnection tests were made on 
three lengths of line, respectively 223km, 432km 

















| 
A B Cc Bae E F G H J K L 
Voltage to | Max. volt- System | 
} System earth of | tage across voltage Equivalent system 
Test | Operat-| voltage to | line when Current | Arc circuit Operating phase to voltage for complete 
No. | ing duty jearth before} circuit interrupted | dura- | breaker air corre- | circuit breaker (r.m.s.) 
| land after test} breaker (r.m.s.) tion after dis- pressure ponding to 
| | (r.m.s.) closed connection col. Phase to Phase to 
(r.m.s.) | (peak) (r.m.s.) earth phase 
} | kV kV | A sx10-° kV Lb/sq in kV kV kV 
On 223km line | 
1 MB | 133 136 89 <0°5 372 325 230 177 306 
2 MB 133 136 89 0-5 310 325 230 177 306 
3 MB 134 137 89 0-5 294 325 232 178 308 
7 MB 134 137 89 0-5 312 325 232 178 308 
5 MB 134 137 } 89 <0-5 294 325 232 178 3s 
6 | MB 133 136 | 89 0-8 310 250 230 177 306 
7 MB | 133 136 | 89 0-5 301 250 230 177 306 
8 MB | _ 133 136 | 89 <0-5 310 | 250 230 177 306 
9 MB 133 136 | 89 <0°5 322 250 230 177 306 
10 MB 133 136 | 89 <0-S | 310 250 230 177 306 
il MB 133 136 89 0-9 302 250 230 177 306 
On 432km line | 
I MB 133 139 158 0-6 376 325 230 177 306 
13 MB 133 139 158 <0-S | 366 325 230 | 177 306 
14 | MB 133 139 | 158 0-6 | 376 325 230 | 177 306 
i | 
1s | MB 133 139 158 <0:5 | 376 250 230 | 177 306 
16 | MB 133 139 _ 138 0-6 | 348 250 230 } 177 306 
17 MB 133 139 | 158 0-5 358 250 230 177 | 306 
18 MB 133 139 158 1-0 | 376 250 230 | 177 306 
19 MB 133 139 158 1-0 | 376 | 250 230 | 177 } 306 
20 | MB 133 139 158 <0-5 | 37% | 250 ae me tees eae 
| | 
On 641km line 
21 | MB 134 147 | 244 |} 0-6 400 325 232 | 178 308 
22 | MB 134 147 244 } <O-S | 370 } 325 | 232 178 308 
23 MB 134 147 244 0-9 400 325 | 232 178 | 308 
24 MB 133 146 244 0-7 396 250 230 | 177 306 
25 MB | 133 } 146 244 0-8 396 } 250 | 230 | 177 306 
26*° | MB | 133 146 244 0-9 396 i 250 230 } 177 | 306 
27 | MB | 133 146 244 <0°5 376 230 «= || «S230 17 | 306 
28 | MB | 133 146 244 0-6 396 250 230 177 | 306 
29 | MB | 133 146 | 244 1-0 376 | 250 230 | 177 306 





oscillogram of one of the 64ikm line dis- 


connections. 


GENERAL PERFORMANCE ON TEST 


The short-circuit test results show that the 
performance is closely proportional to the 
number of breaks in series, justifying the extra- 
polation required in cases where the network 
and plant capacities are insufficient to prove the 
breaker limits. On the forty-five short-circuit 
tests the arcing time did not exceed one cycle, 











Fig. 6—A 230kV ‘‘ GA9”’ or “ GA8”’ circuit breaker installed at Villalcampo, Spain 
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except on two occasions when it was 0-()23 ge. 

During the line disconnection tests the line 
was always disconnected at the first current zero 
after contact separation, and there were no 
restrikes subsequently. No overvoltage was 
produced by the circuit breaker, and the peak 
voltage to ground in no case exceeded the 
voltage existing at the far end of the line before 
disconnection. 

Contact deterioration was negligible, as jg 
shown by the photograph of contacts after 
test (Fig. 2). These contacts were used 
without change for all the tests at Fontenay 
comprising thirty-one short-circuit tests and 
sixty-one line disconnection tests. 

The tests described show that the “GA” 
eight-break circuit breaker is capable of inter. 
rupting 17,000A with 260kV across one pole and 
with a restriking rate in excess of 4000V /micro- 
second. They also show the ability of the breaker 
to interrupt with voltages of 400kV across one 
pole. The breaker will disconnect-—withoyt 
restrikes—lines up to at least 640km, or 400 miles 
long with a busbar voltage of 300kV, three-phase : 
in the modified version referred to previously 
this performance is obtained with a total break 
time of 0-055 second. 





Pressurised Protective Clothing 


WE illustrate a new design of plastic clothing 
which protects the wearer against radioactive 
dust and particles. It is now being used at the 
atomic energy establishments at Harwell and 
Windscale. The new suits were designed and 
produced by Plysu Products, Ltd., Wobum 
Sands, Bletchley, Bucks. They are made from 
P.V.C. sheet, and to ensure strong and air- 
tight seals all seams are electronically welded, 





Protective P.V.C. suit with integral hood, excess 
The two parts 


2in ‘‘ Cellophane ’’ tape 


As shown in the accompanying illustration, 
the top of the clothing consists of a jacket 
and integral transparent hood, the lower 
half combining trousers and overboots. The 
two halves button together at the waist and are 
sealed by a 2in wide strip of “‘ Cellophane ”’ tape. 
A compressed air line fitted to the hood main- 
tains an internal excess pressure of 4 Ib per 
square the air escaping through a valve at the 
back. The air flow produced is sufficient to 
keep the wearer comfortably cool and to 
prevent condensation inside the hood. 
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LACKENBY OPEN HEARTH STEEL WORKS 


|. 2 Td 








The stripper building, with the open gantry shown in the background. . The building is 280ft long and the gantry 240ft long. It was the first building 
to be erected on the site 


’ The melting shop stock bay. The furnace charging boxes 
of the average 


‘7 
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LACKENBY OPEN HEARTH STEEL WORKS 


machines of 6 tons capacity and 65ft span 





Hot metal being delivered to one of the mixers in the melting shop. Raw materials handling plant. Furnace materials are brought 
The ladles have a capacity of 70 tons in on the high level. rail track and stored in open bunkers 
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Integration of Hydro and Thermal 
Generation in Great Britain* 
No. II—( Concluded from page 159, July 30th) 


gy J. D. PEATTIE, B.Sc., M.LE-E.,t and A. A. FULTON, BSc., 
M.LG.E., M.LMech.E.t 

This paper describes, briefly, the development 
of hydro-electric and thermal generation in Great 
Britain, and examines the present extent and 
future prospects of their co-ordination. It shows 
that in 1952 hydro-electric stations supplied 22 per 
cent of the Scottish output and were responsible 
for S1OMW of the total of 1668MW of plant 
in all Scottish stations. Referring to the possible 

ern of generation in Scotland in the early 
1960s it is stated that hydro-electric stations are 
expected to supply 3500 million units annually, 
or 30 per cent of the total Scottish output: a 
potential hydro-electric output of about 10,000 


million units annually is .shown by recent 
investigations. 

COMBINED OPERATION 
General Scheme of Control.—The 132kV 


interconnecting system is run solidly connected 
throughout Great Britain so that all stations run 
in parallel, Operation of the North of Scotland 
Hydro-Electric Board’s stations and transmission 
system is controlled from Pitlochry. Operation 
of the British Electricity Authority’s stations 
and transmission system is controlled from the 
other seven Regional centres with an overriding 
National Control in London. 

Co-operation between the two control systems 
is governed by the formal agreement which 
provides for acceptance by the B.E.A. of : 

(a) Firm supplies, declared annually, in 
advance by the North of Scotland Hydro- 
Electric Board, in each calendar year, of a 
minimum number of kilowatts and kilowatt- 
hours to be taken as the British Electricity 
Authority may determine. 

(b) Additional supplies, declared at least three 
days in advance, of kilowatt-hours which the 
Hydro Board may, owing to long-term favourable 
weather conditions, have available during the 
following week. 

(c) Additional supplies of kilowatt-hours 
which the Hydro Board may suddenly have 
available owing to unforeseen sudden excessive 
rainfall. 

North of Scotland Scheme of Control.—The 
North of Scotland control engineer has, at his 
disposal, hydro stations and two thermal stations 
at Dundee and Aberdeen. So far as the hydro 
stations are concerned, he makes use of all 
available water, having regard to the need to 
ensure that the levels of reservoirs are held at 


TABLE I[I—ZJntegration of Electricity Generation in Scotland in 1952 
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stations it is necessary, in order to satisfy other 
interests, to keep variations in river flow within 
specified limits. 

On the other hand, the North of Scotland 
control engineer is obliged : 

(a) To meet the demands of consumers in 
Region 1 (north of the Clyde-Tay valleys). 

(5) To give the firm bulk supply as declared 
to the B.E.A. in Region 2 (comprising the rest 
of Scotland). 

Having satisfied these two essential require- 
ments, the control engineer is then left with a 
choice between increasing bulk supplies to the 
B.E.A. or restricting thermal generation at his 
own stations. The choice is made to secure 
maximum overall economy of operation for the 
North of Scotland Board. 

B.E.A. Scheme of Control—The B.E.A. 
controls have a somewhat different task. Their 
resources comprise : 

(a) The supply mentioned above from the 
North of Scotland Hydro-Electric Board which 
they are obliged to accept. 

(5) Certain hydro generation within the 
B.E.A.—mainly in Region 2, South Scotland 
(Fig. 2). 

(c) Many thermal stations with a wide range 
of running costs per kilowatt-hours sent out. 

y have no choice about (a). The hydro 
Stations under (5) are run in order to use all 
available water subject to safeguarding future 
demands on reservoirs and to avoid spill. The 
thermal plant is run to secure maximum economy. 
At any given moment only those sets with lowest 
running costs per unit sent out are in use. In 
practice, maintenance of plant, limitation of 
interconnecting capacity and similar‘ restrictions 
cause deviations from this simple ideal. 


INTEGRATION OF GENERATION IN 1952 


Annual Figures.—In 1952 the total output of 
public supply generating stations in Great 
Britain was 58,693 million kWh: Integration of 
hydro and thermal generation was largely con- 
fined to Scotland, where hydro stations sent 
out 1150 million kWh or 22 per cent of the total 
Scottish output. Table III summarises the data 
relating to integration in Scotland under four 
main headings : (a) Energy available at sources 
for electricity generation ; (6) energy required 
by consumers; (c) energy transferred; (d) 
energy generated. 

For easy comparison, all quantities have been 
brought to a common basis and expressed as 
kilowatt-hours sent out from generating stations. 

The North of Scotland Hydro-Electric Board 
Region 1 had available at hydro sources within 
the region 887 million kWh, or 16 per cent of 
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sea to English generating stations. The con- 
sumers in Region 2 took 3037 kWh in the South- 
West Region (2 (a)) and 1258 kWh in the South- 
East Region (2 (5)). 

In very general terms there was a triangular 
situation with heavy consumption in the south- 
west, ample coal supplies in the south-east, and 
three-quarters of the hydro supplies in the north. 

The installed capacities of the hydro and 
thermal stations in Scotland at December 31, 
1952, are set out in Table IV. 


TABLE IV—ZInstalled Capacity of Generating Plant in 
Scotland at December 31, 1952 














Region Installed capacity (MW) 

No. Thermal} Hydro Total 

N. Scotland... ... ... 1 168 | 391 | 559 
$.W. Scotland... °.. 2(a) | 741 | 119 | 860 
S.E. Scotland ... ... 2 (6) 29 | — | 29 
Scotland... land2| 1158 | 510 | 1668 














Scottish Daily Generation Programmes, 1952. 
North of Scotland Arrangements.—The aims of 
the North of Scotland control have already been 
described in general terms. 

In 1952, so far as the hydro stations are con- 
cerned, a provisional programme was made up 
each Thursday detailing the output for each 
hydro group of stations for the following week- 
end and for Monday to Friday inclusive of the 
following week, having regard to the storage 
conditions at the time, the run-off into the 
different catchments, the contribution from the 
supporting thermal stations, any proposed out- 
ages of transmission lines for maintenance, and 
the kilowatt available capacity at each generating 
station. This programme also had regard to 
the previously agreed daily contribution to the 
B.E.A. in South Scotland. 

Such a programme was conditional on no 
unforeseen variation in weather conditions. 
When heavy rainfall occurred over the week-end, 
radical adjustments were necessary. During 
1952, for example, 50,000,000kWh were, owing 
to unexpected rain, exported to the B.E.A. in 
South Scotland on a short notice basis over and 
above the firm delivery declared in advance at 
the beginning of the year. 

The supplies of fuel to and outputs of the 
thermal stations were planned to provide the 
total output required to make up regional con- 
sumers’ requirements and agreed export to the 
south. 

The programme of hydro generation was next 
spread over the groups of stations mostly on 
the same watershed. Each group was given a 
daily quota of kilowatt-hours, the peak kilowatt 
























































Region Bnergy for electricity generation (all figures in million kWh) 
Transfers 
Available at sources Sent out from 
Required As coal Electrically | Total generating stations 

Name No. by consumers, j 

(including By Sea By rail 
Coal Hydro} Total losses) | Thermal | Hydro | Total 

Export | Import | Export | Import | Export | Import | Export | Import 
@ (2) (3) (4) (5) (6) ) (8) (9) (10) (it) (12) (13) (14) (15) a6 | ay) 
ee er ore me | _— 887 887 867 — — — 284 304 - 20 — 284 887 1171 
South-West Scotland ... ... ... 2@ 1084 263 1347 3037 ce — —_ 1870 180 —_ _ 1690 2954 263 3217 
South-East Scotland... ... ... ...| 2 (6) 3277 a 3227 1258 314 — 2154 27 ~ 472 1969 7 786 — 786 
_ . BESS ea eee Ga Sh ae 1150 5461 5162 314 — 2154 2181 484) 472 1989 1690 4024 1150 5174 
Net exports or imports 314 -- —_ 27 12 — 299 oo 


levels which will safeguard future demands. 
Heavy run-off may occur during the wet winter 
months November to February and even during 
March and April, due to melting of snow on 
high ground after a severe winter. During such 
Periods, the run-of-river stations and those 
with limited storage are run continuously so 
long as the flow persists. The operation of plant 
with adequate storage is adjusted to ensure that 
reservoirs are reasonably full by the end of March 
in readiness for summer demands in excess of 


the run-off available then. At certain hydro 
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the total energy available in Scotland. They 
imported coal from South-East Scotland (Region 
2 (6)) to generate a further 284 million kWh at 
steam stations in Region 1, making a total 
generation of 1171 million kWh. Of this total 
867 million kWh was supplied to their own 
consumers, and 304 exported to the B.E.A. 
Region 2. 

The B.E.A. added this import to the energy 
at their disposal from sources in Region 2, 
namely, 4574 million kWh made up of 4311 
million kWh as coal allocated to electricity 
generation by the National Coal Board, and 
263 million kWh obtained from hydro sources 
in the south-west. The coal was used to generate 
3740 million kWh in Region 2—mostly in the 
south-west—the balance being sent mainly by 


demand during the day and the average kilowatts 
required during morning, afternoon, evening and 
night. 

Within each group the programme was further 
broken down, according to the conditions ruling, 
in order to obtain as far as practicable the most 
economic output from the machines on load. 
Small variations in output were met by selected 
hydro stations with the flattest efficiency curves. 
Fluctuations in the load on the thermal plant 
were avoided as far as possible. 

South Scotland Daily Arrangements.—The 
South Scotland control at Glasgow had a different 
task. They had to conform to general directions 
from national control in London. The aim of 
these directions was to generate the B.E.A. 
national requirements at minimum cost. Each 








208 


of the Regions 2 to 8 was instructed to provide 
for the eommon pool a given output, hour by 
hour, from its own generating resources. The 
Glasgow control engineers had at their disposal : 


(a) The above-mentioned supply from 
Region 1. 

(6) Hydro resources in South-West Scotland 
(Galloway scheme). 


(c) A number of thermal stations of varying 


sizes with widely differing incremental costs per _ 


kilowatt-hour sent out. 

The period during which the daily kilowatt- 
hours from Region | was to be used was agreed 
after discussion between the two controls of 
Regions 1 and 2. Since the national kilowatt 
capacity was hardly sufficient to meet the national 
load, full advantage had to be taken of the supply 
during peak hours. Similarly, full use had to be 
made during peak hours of the supply available 
from the hydro resources in South-West Scotland. 

The balance of the total contribution to the 
national output required from Glasgow control 
was obtained from the thermal plant in the 
region. The individual units of generating plant 


1,400 





Output of Generating Stations 


1,200 


Megawatts 


-200 0 


6 12 18 24 
Hours 


Fig. 2—Load curve for oe Tuesday, December 


were arranged in “ order of merit,” depending 
on the running costs in pence per kilowatt-hour 
sent out. At any given moment, only those units 
with the lowest running costs were in use, subject, 
of course, to availability of generating and 
transmission plant and capacity of interconnect- 
ing circuits. 

Peak Load Conditions.—It is difficult to give 
a brief description of the changes made from 
hour to hour by the various controls. The 
national peak load occurred between 16.30 and 
17.00 hours on Tuesday, December 30, 1952. 

Fig. 2 shows the variations throughout the 
day in generation in Scotland and also the 
transfers to and from England. At the peak 
half-hour the group of hydro stations to the 
north and adjacent to the load centres in the 
south were supplying a total of 182MW over 
three lines ; 137MW of this was absorbed in 
South Scotland, with the result that, in turn, this 
region sent south 45MW into England to help 
to meet the deficiency there. 

Table V gives the distribution of generation 
and load throughout Great Britain during this 
half-hour. 


FUTURE DEVELOPMENTS 
In common with that of all countries, the 
public demand for electrical energy in Great 
Britain is increasing rapidly. Between 1947 and 
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1952 the kilowatt-hours sold increased by 47 per 
cent. For Scotland alone the increase was 52 per 
cent. It is expected to increase steadily over the 
whole country for many years to come. The 
production of additional energy is therefore a 
continuing problem. 

Plans for the development of all the thermal 
stations in Great Britain are based on the 
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charges—mostly capital charges on the Works 
required—are somewhat greater than the annual 
cost of the coal saved, but the difference js not 
great and, if coal costs continued to rise after 
the scheme were built, the balance would Change 
in favour of the scheme. Development of 
reversible working might also change the balance 
The scheme would provide an excellent means of 


























TaBLe V—Distribution of Generation and Load at Time of National Peak Load at 1.30—17.00 Hous 
Tuesday, December 30, 1952 i 
Region . Consumers’ 
Generation, load, including Export, Import, 
| j MW s.0. losses, MW 8.0 MW 8,00. 
Name No. on Fig. 1 (ante) MW 5.0. bs 
(1) (2) (3) (4) (5) | eo 
North Scotland 1 424 242 182 [ae 
South Scotland 2 864 1,001 iow 137 
North-East England 3 660 661 ies aE: 3 
North-West England ea 4 2,337 2,329 8 : 
Mid-East England... ... ... ... ..- 5 1,584 1,537 47 : 
Central England... 2. 20. ceo 6 2,328 2,308 20 a 
South-East and East England... ... 7 3,959 3,961 oe 2 
South-West England ... ... | 8 | 1,633 1,750 oe | 117 
UES EAS ROS aie Cae — 13,798 13,789 287 | 257 











National Coal Board’s plans for allocation of 
the coal required for electricity supply from the 
individual coalfields. Referring to Table III, 
the immediate major change in Scotland so far 
as thermal development is concerned will be a 
considerable increase in the proportion of coal 
obtained in South-East Scotland and the pro- 
vision of additional thermal plant in that region. 

The corresponding development of hydro 
resources must take place in North Scotland 
where, as already indicated in Table I, plans have 
been made for a production of about 3500 million 
kWh, probably available in the early 1960s. 
A survey made in 1944 showed that this annual 
output might be economically developed to 
6450 million kWh. More recent investigations 


employing national resources of labour during 
a trade recession. 


275KV GRID 


A 275kV grid now under construction will 
make easier the acceptance by the general pool 
of the output of the Severn tidal scheme, should 
it be constructed. The spur to South Wale 
will cross the Severn Estuary in the neighbour. 
hood of the proposed barrage, and it will be 
possible to connect the tidal generating station 
directly to the 275kV lines. The tidal energy 
can then spill over the 275kV network and be 
absorbed at the heavy load centres in the southern 
part of England. The thermal plant with the 
highest incremental running cost per kilowatt- 


TABLE VI—ZIntegration of Electricity Generation in Scotland: Possible Pattern in Early 1960s 









































| | 
| North South-West | South-East 
Region No. | Total 
1 2 (a) 20): | 
A. | Energy available at sources : 
Coal (for electrical generation) ... ... ... ... _ 1,700 7,300 9,000 
I kek. dvs waa ooh. coe. dob, ok den as, eae 3,200 300 — 3,500 
ee ee ee 2,000 7,300 12,500 
~~ B. | Energy required by consumers | 2,000 4,500 2,500 9,000 
Cc. | Energy transferred : | 
| (i) Coal export (by sea to England)... ... ... ... oe ne 3,500 3,500 
Ee Ee re eee | — | lai 1,000 0 
coe he Se re ae 1,600 oie 300 ar 
eee a 1,900 — 0 
a Energy generated in Scotland : 
| DI, 0 nh wing Saw. wont Spee: 000 “due 400 2,300 2,800 5,500 
At hhydiro etatioms ... 22.0 00. cee tee tee see veel 3,200 300 _ 3,500 
| EE tase. scar eee ©. wn bed: nee oeede odie “7 3,600 2,600 2,800 9,000 











All figures in million kWh/annum 


point to a potential output of about 10,000 
million kWh. In the early 1960s, if these esti- 
mates are realised, the position in Scotland is 
expected, following the form of presentation 
used in Table IV, to be very roughly as given in 
Table VI. 


TIDAL POWER 


The tides as a source of energy have been the 
subject of careful study in Great Britain. Atten- 
tion has been focused on the Severn estuary 
at the western sea end of which there is a tidal 
range varying between 47-6ft at spring tide to 
22-2ft at neap tide. A scheme has been worked 
out in detail for single basin single tide working 
to give an annual output at the turbines of about 
2300 million kWh per annum. The scheme 
provides for direct connection of the generators 
to the grid and for addition of their output to the 
national pool, and for shutting down the thermal 
plant with highest running costs during the hours 
the tidal energy is available. The kilowatt 
output of the Severn tidal station would vary 
between 800MW, 4% million kWh per spring tide, 
and 300MW, 1} million KWh per neap tide. 
The main result of operation would be to save 
coal at the rate of about 1,000,000 tons per 
annum. The possible saving will decrease as 


‘thermal-stations become more efficient. 


Under. present. conditions. the extra- annual 


hour will be shut down, while the tidal energy 
is available. 

The load in the southern part of England is 
already over 3000MW during a summer evening. 
There will, therefore, be little difficulty in accept- 
ing the tidal energy even during night hours. 

The proposal to interconnect the supply 
systems of the B.E.A. and Electricité de Franc 
by a submarine cable between Dover and Calais 
has been studied by both authorities and work is 
now proceeding on the development of the 
scheme. If this link should be established, 
another step will have been taken in the integra- 
tion of hydro and thermal generation. It wil 
be possible to make better use of the combined 
hydro and thermal resources of both countries 
to their mutual advantage. 





Pars och ws Winps.—We have. _svtuivad rs ¥. 4 
eteorological Office a pam 0. in the se 
“ Professional Notes,” entitled “Nocturnal Winds,” by 

N. Lawrence. It examines the ——- of katabatic 
winds po tand — ~ topography, 80! aed — 
cover; and the speed, depth, frequency, tempe 
conditions of flow and other characteristics of these 
winds are related to the results of other surveys and 
experiments. An empirical formula for the speed of the 
katabatic wind in terms of the slope and distance from 
the sea is obtained for extensive flat slopes. The m 
nitude of the land breeze (and hence the nocturnal wind) 
over England is assessed. 
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Mixer for Making Aerated Concrete 


GROUTING with aerated cement mortar is at 
nt being carried out on a number of civil 
ineering works of different kinds. Various 
advantages are claimed for the use of this 
material, such as better resistance to attack by 
icals and frost and, principally, a saving in 
materials of which cement is the most important, 
due to the “ bulked “ nature of the aerated mix. 
Recent examples of its use include the repointing 
of brickwork and the stabilisation of embank- 
ments by deep grouting. In the latter case it is 
considered that voids of a minimum size of the 
order of 4mm can be successfully grouted. 

Plant for the preparation of aerated cement 
mortar, and for injecting or spraying it as the 
particular application demands, is made by 
Aerocem, Ltd., Rolands Wharf, 71, Lots Road, 
Chelsea, London, S.W.10. Mixers of either 
4or 8 cubic feet capacity (the smaller mixer is 
shown in the accompanying illustration) are 
made by this firm, the capacity being the volume 
of mixed mortar, produced by about half as much 

gate and cement. The mixer consists of a 
vertical, cylindrical drum, 29in in diameter, in 
the centre of which there revolves a dolly carrying 
two sets of propellers, which is rotated from a 
prime mover—a petrol engine of 3 b.h.p.— 
through a pulley and rope. The drum is charged 
from the top and the aerated mortar is removed 
fom an opening at the lower part through a 
hand-operated quick-action gate valve. Both 
drum and prime mover are mounted on a com- 
mon chassis carried on penumatic-tyred wheels, 
and balanced so that with the cylinder charged 
the whole machine can be effortlessly tipped 
towards the gate valve when emptying the drum. 

Aeration of the mortar is. achieved by a 
detergent “* Teepol 410, which is added to the 
water, causing the formation of a very large 
number of air cells. The sand and cement particles 
are carried in suspension if the size of air cell is 
sufficiently small and the size and specific gravity 
of the sand particles is within certain limits ; 
the smaller the size of the air cell, the makers 
point out, the greater will be the forces required 
to collapse it, and therefore the more stable 
the resultant mix. Therefore, to prepare.a good 
mix, it is stated, the water and “ Teepol " should 
first be introduced into the mixer and left 
mixing until a foam reaching to the top of the 
cylinder and consisting of small air cells has 
been produced. The small-size blades at the 
bottom of the dolly (of which there are three, 
each 24in long and 14in wide) have as their main 
function the production of this initial aeration ; 
their secondary function is to assist the larger 
propeller blades halfway up the dolly in agitating 
the mix after the cement and sand have been 
added. A good mix is judged by taking a sample 
from the cylinder and drawing a finger over it. 
If no “ boiling * occurs—i.e., if no bursting of 
air cells can be observed—then the mix is stable 
and, we are informed, is capable of withstanding 
severe handling without fear of segregation. 

The function of the large blades at approxi- 
mately half the height of the dolly, the pitch and 
precise position of which is adjustable and 
depends upon the aggregates being used, is to 
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entrain air and impart a downward axial flow and 
then upward circumferential movement to the 
mortar, this mixing process aiming at intro- 
ducing air uniformly into the mix. There are 
three of these adjustable mixing blades, each 
Sin long by 4in wide. The prime mover is 
governed, but a hand throttle is also provided ; 
the dolly revolves at approximately 800 r.p.m. 
and the mixer, according to its capacity, pro- 
duces 4 or 8 cubic feet of aerated mortar every 
six minutes. 

Injection of the aerated mortar is achieved 
through a specially adapted pump fed by gravity 
from a 4 cubic foot container on the chassis. The 
pump delivers grout at pressures up to 100 Ib per 
square inch. 





Indian Engineering News 
(By Our Indian Correspondent) 


Electricity Production in 1952 


The total generating capacity of the 
public electricity supply undertakings in India at 
the end of 1952 was 2-062 million kW, according 
to the Central Water and Power Commission's 
annual report on power production and con- 
sumption in India. The increase of 227MW over 
the corresponding figure for 1951 is mainly due 
to progress made in hydro plant installations, 
which amounted to 138-5MW, an increase of 
24-3 per cent over the previous year, as com- 
pared with 6-5 per cent for steam and diesel 
plants. The major installations commissioned 
during the year (given in table) bring up the 
total generating capacity to 1-176 million kW 
of steam plant, 0-715 million kW of hydro 
plant and 0-171 million kW of diesel plant. 

The output of electricity in 1952 amounted 
to 6120 million kWh, of which 50-7 per cent was 
generated by steam-driven plant, 45-7 per cent 
by water power and 3-6 per cent by diesel plant. 
The increase in production was only 4-5 per cent 
over 1951, as compared to 15 per cent increase 
between 1950 and 1951.. This drop in the rate of 
production, despite the considerable increase in 
installed capacity, has been attributed to the 
failure of the monsoons all over the country. 
Energy from hydro-electric plants fell by 2-1 per 
cent, while that from steam plants went up by 
11-6 per cent. As some of the states like 
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0-41 to 70-66kWh in the different states and 
the average per capita consumption for the whole 
country was 13-83kWh, as compared with 
13-25kWh for the previous year. If the genera- 


Major Power Station Installations During 1952 











Installed capacity $f pinet added during 
Name of power ruall 
station : No. of boilers 
Type Cope and capacity, 
ib/ar 
Kalyan, Bombay ...| Thermal ... ... 1x12 1x 135,000 
Te ss ese Thermal ... ... 2x10 4x 80,000 
perkheda, MP | Thermal ... ... 1x10 1x 58,000 
Utran, Bombay ...| Thermal ... ... 2x 7-5 | 3x 50,000 
Jabalpur, MP __.....| Thermal ... ... 1x 4 1x 35,000 
‘aridabad, Delhi...| Thermal ... ... 1x 2-75} 1x 36,000 
Bhira, Bombay ...| Hydro-electric...| 1x22 — 
Mahatma Gandhi,| Hydro-electric...{ 4x18 _ 
ysore 
Moyar, Madras ...| Hydro-electric...; 212 _ 
Pallivasal, T-C__...| Hydro-electric.... 1x 7:5 —_ 
Mohamedpur, UP | Hydro-electric...) 2x 3:5 — 














tion in plants of industrial establishments and 
railways is taken into account, this figure works 
out at 22-4kWh. 

The average revenue per kilowatt-hour sold 
was estimated to be 1-046 annas—that is, 1- 176d. 


Progress of Bhakra-Nangal Project 

The Nangal-Hydel canal was opened 
by the Prime Minister, Mr. Nehru, on July 8, 
1954. The inauguration of the main irrigation 
system of the Bhakra-Nangal multi-purpose 
development scheme on the River Sutlej com- 
pletes the Nangal section of the scheme, it is 
noted in a recent report of the Bhakra Board. 
Of the seven main features of the project, namely, 
(1) Bhakra dam, (2) Nangal barrage, (3) Nangal- 
Hydel canal, (4) Ganguwal power station, (5) 
Kotla power station, (6) irrigation system of 
canals, and (7) power transmission system, the 
first and the last have not yet been started and 
most of the others are either completed or are 
rapidly approaching completion. The scheme 
was described in some detail in THE ENGINEER of 
August 10, 1951. 

Preparatory works for the construction of 
Bhakra dam—a gravity structure, 680ft high— 
have been in progress for some years. The two 
diversion tunnels, each SOft in diameter, are 
nearing completion and are expected to be ready 
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Typical cross section of Nangal - Hydel canal 


Bombay and Madras are served almost ex- 
clusively by hydro-power, the failure of the 
monsoons was a serious matter and was partly 
responsible for the granting of licences to install 
thermal stations in areas previously served only 
by hydro-power. 

There were only twenty-seven undertakings (out 
of a total of 536) who 
owned stations having 
installed capacities ex- 
ceeding 1OMW, and they 
produced over 91-5 per 
cent of the electricity. 

Of the 5005-7 million 
kWh sold to consumers, 
industrial establishments 
took 3207 million kWh 
and about 2000 million 
kWh in private industrial 
plants. The _ textile 
and jute industries con- 
tinued to be the largest 
purchasers of power and 
generated only a small 
portion of their require- 
ments in their own plants; 
cement, iron and steel, 
fertilisers, paper, sugar, 
copper and chemical in- 
dustries produced much 
of their own power. 

The per capita annual 
consumption varied from 





for diversion of the Sutlej this season. The 
Nangal barrage forming the headworks for the 
Nangal Hydel canal, was completed in August, 
1951. The Nangal Hydel canal starts from the 
left bank of River Sutlej above Nangal barrage 
and serves as the feeder for the Bhakra Main 
Line canals and for the two power stations about 
12 and 18 miles downstream. It was completed 
early this year and a trial run was attempted in 
April. The canal has an average cross-section 
of 92-6ft width by 20-6ft depth, a length of 
39-6 miles and a capacity of the order of 12,500 
cusecs. The normal slope is 1 in 10,000, but at 
places where it runs through deep cutting slopes 
of about 1 in 6666 have been provided. It has 
twenty-five curves and fifty-five cross-drainage 
works in its length. It has been lined throughout 
with concrete. The) illustration shows a typical 
cross-section. 

The two power stations, which are to be built 
at two points along the length of the canal, have 
been given the highest priority for future works, 
but the date of their completion is uncertain. 
When ready, they will each have an installed 
capacity of 72MW in three sets ; the installations 
of the third sets may be postponed until after 
1956. The work on the irrigation canals is 
making rapid headway and the Bhakra Main 
Line canal was opened early in June. The irriga- 
tion system, one of the biggest in India, consists 
of two main canals and twelve branches totalling 
690 miles in length, and the distributaries, which 
are about.2200_ miles long. 
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Office of Basic Instrumentation at the 
National Bureau of Standards 


( By Our American Editor ) 


HE Office of Basic Instrumentation was est- 

ablished at the National Bureau of Standards 
in Washington, D.C., in 1950, to serve as a centre 
for research, reference and consultation on 
problems of instrumentation for the labora- 
tories of Government and industry in the United 
States. Its work is sponsored by the Office of 
Naval Research, the Air Research and Develop- 
ment Command, the Atomic Energy Com- 
mission, and the National Bureau of Standards, 
and represents an effort to utilise the Bureau's 
facilities and experience in the field of physical 
measurements to advance those techniques 
of measurement and control that are funda- 
mental to progress in science and industrial 
technology. In recent years it has become 
recognised that the problems encountered in 
designing various kinds of scientific instruments 
have much in common and that the designer of 
an instrument for a specific purpose can often 
benefit from the experience gained by others in 
developing instruments built for quite unrelated 
purposes. In an effort to realise the advantages 
that would accrue from a_co-ordinated planning 
of research on instrumentation as a science 
in itself, the N.B.S. Office of Basic Instru- 
mentation was established. The technical 
work of the Office of Basic Instrumentation 
has two principal objectives: the systematic 
analysis of available methods and devices in 
terms of their performance and characteristics, 
and research on new applications of principles 
and materials leading to the development of 
instruments and techniques not now available. 
This programme is carried out largely through 
the assignment of instrumentation research 
projects to those laboratories within the National 
Bureau of Standards that are best qualified to 
conduct research in the particular field of science 
involved. However, the Office of Basic Instru- 
mentation also maintains a small laboratory staff 
of its own for the investigation of special prob- 
lems and a group of specialists in the literature 
dealing with instrumentation who are developing 
a reference and consultation service to aid in the 
solution of instrumentation problems. 
The Office of Basic Instrumentation conducts 


Fig. 1—Critical flow hygrometer based on the principles of gas flow 


at sonic velocity through orifices 





critical surveys of various general groups of 
instruments in an effort to assist the engineer 
or scientist in making the proper selection of 
existing instruments for new applications as 
they arise or to aid him in combining various 
elements of known characteristics in the design 
of new instruments. Such surveys also provide 
the information needed for the adequate plan- 
ning of more specific instrumentation projects. 
Surveys of this kind now in progress include 
studies of dynamic pressure instrumentation, 
milli - microsecond oscillography, analog - to - 
digital converters, strain gauge recorders and 
voltage-sensitive devices. 

Large fluctuations in fluid pressure, often at 
high frequencies, present a problem in the 
design and operation of jet aircraft, rockets and 
chemical plants. The resulting requirement, 
particularly in aeronautical and ordnance re- 
search, for making dynamic fluid pressure 
measurements, have indicated the practical 
necessity of a survey in this field, and it is believed 
that an up-to-date compilation of significant 
techniques will be of great value to all workers 
faced with such problems. The survey of milli- 
microsecond oscillography was required as a 
result of recent developments in radar, television, 
atomic physics, telemetering and other fields 
which have greatly increased the need for oscillo- 
graphic measurements in the time range below 
one microsecond. This work has led to the 
development of faster oscillographs which are 
also finding applications in the study of electrical 
breakdown under steeply rising voltage surges— 
a subject of growing importance in insulation 
testing. The survey in this field is thus expected 
to be useful not only in the planning of new 
research, but also in the conduct of instrumenta- 
tion research concerned with the recording of 
high-speed transient voltages. 

Although analog-to- 
digital converters are 
now being used in a 
number of different ap- 
plications, the develop- 
ment and use of such 
devices has been ham- 


of 


Aug. 6, 1954 


pered by the lack of a comprehensive picture of the 
requirements to be met and the present-day tech. 
niques used to meet them. In an effort to brin 
widely scattered information on this subject re 
gether, data have been collected at the N.Bs 


on  analog-to-digital converters manufac. 
tured by commercial companies and on those 
now being developed by these companies and 
by Government agencies. The survey of strain 
recorders had as its object the gathering of tech. 
nical information that would aid in the selection 
of equipment for producing autographic stress. 
strain records of tensile tests. The use of 
recorders for this purpose has now become 
standard practice in most materials testing 
laboratories. However, the recorders are supplied 
by manufacturers in a variety of forms, and there 
is little information available in the open litera. 
ture to guide the user in the selection of equipment, 


SPECIFIC PROBLEMS IN INSTRUMENTATION 


Laboratory studies of more specific problems 
in instrumentation have resulted in a number 
of developments having important potential 
applications in the fields of measurement or 
control. For example, a method was developed 
which uses heavy water to determine the total 
water content of biological tissues, proteins, 
inorganic crystals, and other materials. Based 
on a spectroscopic measurement of the ratio 
of ordinary to heavy water in a solution cop- 
taining the sample, the isotopic method has 
proven to be outstanding in the rapidity and 
convenience with which it can be applied to a 
large number of samples. In another project 
of this kind, research on the wave properties of 
electrons has resulted in the development of an 
interferometer which utilises electron beams to 
produce interference fringes in much the same 
way as conventional optical interferometers use 
light beams. The resulting electron interfero- 
meter greatly extends the range of light inter- 
ferometers used in the direct measurement of 
length. The instrument also constitutes an 


extremely sensitive device for measuring gradients 
of magnetic and electrostatic fields—analogous 
to refractive indices in optical interferometry— 
and provides a means for obtaining additional 
information on the wave nature of the electron. 











Fig. 2—Apparatus for low-temperature measurements of humidity by use 
the hydrogen excitation spectrum 
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suggested applications of the method 
include studies of the energy levels in solids 
and an absolute determination of Planck's 
constant. Spurious electrical signals, or “‘ noise 
voltages,” have for some time presented prob- 
jems in instrumentation work where cables are 
subjected to mechanical shock and vibration. 
They interfere with measurements of pressure in 
underwater explosion and air-blast research and 
with determination of acceleration in shock 
vibration studies. They also adversely affect the 
performance of crystal microphones, hearing 
aids, and gramophone pick-ups and of many 
other high-impedance devices in the fields of 
communications, measurement and control. The 





Fig. 3—Mutual inductance micrometer for measuring the thickness 
of a non-conductive medium on a metal surface 


mechanism of the noise generation was not 
generally understood and was often assumed to 
be related to piezo-electric or converse electrg- 
strictive effects, changes in the electrical constan 
of the cable, or separation of electrical charges 
by friction. A detailed theoretical explanation 
has now been formulated covering the generation 
of the spurious signals, and a low-noise instru- 
ment cable was developed as a result. 

In connection with a programme aimed at 
extending the range and accuracy of dynamic 
mechanical measurements, the Office of Basic 
Instrumentation has developed a miniature 
piezo-electric accelerometer for the direct 
measurement of high-frequency vibrations. The 
device, which employs a barium titanate crystal 
as the compressive element, is extremely small 
but in many ways superior to other instruments 
used to measure mechanical vibration and shock. 
Further investigations of the barium titanate 
accelerometer are continuing. In the course of 
this work a model has been developed having the 
exceptionally wide ranges of acceleration and 
frequency response of 50,000 g and 100,000 c/s, 
Tespectively. Research and development work 
on applications of pneumatic principles have 
resulted in a series of new instruments based on 
gas flow at sonic velocity through nozzles (Fig. 1). 
The utilisation of these principles is believed to 
lead to improved instruments for the measure- 
ment of pressure, temperature, rate of flow, 
humidity, gas composition, mechanical dis- 
placement, and other quantities. A humidity 
measurement instrument has now been com- 
pleted, providing a background of information 
that should be of value in the development of 
other instruments using the sonic flow principle. 
Other investigations of this kind that have 
been undertaken deal with such topics as the 
thermal noise thermometer, an electronic coating 
thickness gauge, a carbon dioxide hypsometer, 
strainand displacement instruments, an ultrasonic 
“velocimeter,” feed-back-around-image scan- 
ning systems, a phase sampling. telemeter, the 
mutual inductance transducer, the measurement 
of humidity by spectroscopic methods and micro- 
wave techniques, neutron spectrometer evalua- 
tion, and nucleonic instrumentation utilising 
memory devices (Fig. 2). The carbon dioxide 
hypsometer represents an attempt to utilise the 
temperature of subliming solid carbon dioxide 
in equilibrium with its vapour at ambient pressure 
as a measure of pressure in upper air research, 
Several experimental models of this device have 
now been constructed and tested at pressures 
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corresponding to altitudes up to 105,000ft. The 
noise thermometer project was designed to 
evaluate the capabilities of the noise thermo- 
meter, which was originally developed at the 
University of Chicago as an instrument for 
measuring temperatures on the thermodynamic 
scale and to investigate the suitability of the 
device for other temperature measurement and 
control applications. The ultrasonic “velocimeter”’ 
is expected to provide a simple, accurate method 
for measuring the speed of sound in liquids. A 
model of the device is now being used by the 
U.S. Navy to measure the speed of sound in 
water at various depths. The electronic thick- 
ness gauge is designed to measure non-de- 
structively the thickness 
of metallic coatings 
which differ from the 
base metal in electrical 
resistivity or in magnetic 
properties. The gauge 
is capable of working 
with non-magnetic 
metals in applications 
such as the measure- 
ment of the thickness 
of silver on brass. The 
phase sampling  tele- 
meter, which utilises a 
commutator sampling 
device, has been pro- 
posed as a system that 
may offer improvements 
over present telemetering 
systems for certain ap- 
plications in accuracy, 
reliability, complexity, 
weight and size of com- 
ponents, and power re- 
quirements. The project 
on strain and displacement instruments involves 
work on high-range and high-temperature strain 
gauges as well as the design and construction of 
improved models of the Ramberg vacuum valve 
accelerometer, which was originally developed 
at the Bureau in 1946 for acceleration measure- 
ments in aeronautical work. The work on 
image scanning systems is a study of the applica- 
tion of two-dimensional linear and non-linear 
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feedback in optical-electronic systems using 
cathode-ray tubes. It is felt that contributions 
to research may result from the solutions of non- 
linear partial differential equations by this 
technique. Practical results may also be derived 
from its use as an aid in the recognition of 
patterns, such as the matching of fingerprints, 
automatic reading of printed or written matter, or 
possibly in weather prediction from synoptic maps. 

An investigation has been conducted by the 
Office of Basic Instrumentation to determine the 
characteristics of the mutual inductance micro- 
meter (Fig. 3), which was originally developed 
by the N.B.S. in 1947, as a transducer for various 
applications. An effort has been made to deter- 
mind the influence of a large number of factors 
on the performance of a mutual-inductance 
transducer so that the optimum design for any 
specific use can readily be chosen. In 1950 the 
Bureau developed a recording microwave re- 
fractometer of high sensitivity that can con- 
tinuously sample and record the dielectric con- 
stant of a stream of air or other gas. This 
instrument is now being investigated to determine 
its potentialities for use as a humidity standard. 
In another project the Office is studying the 
possibility of utilising the hydrogen excitation 
spectrum for absolute humidity measurements at 
low temperatures. Because the neutron has no 
electric charge, the measurement of neutron 
energies is a problem quite different from that of 
electron, proton, or alpha-particle energy 
measurements. Thus far, methods that have 
been employed for this purpose have been quite 
varied in principle. The work on neutron 
spectrometer evaluation will involve a summary 
of characteristics of neutron spectrometers now 
in existence and an evaluation of proposed new 
designs. The project on nucleonic instrumenta- 
tion will be concerned with the development of 
fast memory tube pulse-height analysers for 
nuclear research. It will also attempt to extend 
the use of memory tubes to other items of nuclear 
instrumentation. Another project in this field 
will include the construction and absolute calibra- 
tion of a standard slow-neutron flux free of 
gamma rays and the development of instruments 
and techniques for the comparison of unknown 
fluxes with this standard flux. 


Prefabricated Steel Pier 


TS accompanying illustration shows a pre- 
fabricated, ocean-going steel pier which can 
be towed to remote locations and, once it has 
reached its destination, can lift itself into position. 
The pier was designed and constructed by the 
DeLong Engineering and Construction Com- 
pany, of New York, and installed by the United 
States Steel Corporation for its subsidiary, the 
Orinoco Mining Company, at the new iron ore 
shipping terminal on the Orinoco River in the 





Completed steel pier on the Orinoco River in Venezuela 


interior of Venezuela. It was required to be 
installed at a site 180 miles above the mouth of 
the Orinoco River to facilitate the transfer of iron 
ores from the Cerro Bolivar mountain to ocean- 
going vessels which, in turn, now transport the 
ore to the new Fairless Works of the United 
States Steel Corporation on the Delaware River 
in Pennsylvania. The specifications called for a 
pier having a total length of 1131ft and a width 
of 82ft. It was fabricated at a shipyard in 
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Orange, Texas, in three sections, each 377ft long, 
and subsequently towed some 3000 miles to the 
erection site. The pier now rests on 6ft diameter 
steel caissons, which were towed to the site on 
the barge-like sections together with all other 
construction equipment and gear necessary for the 
erection of the structure. 

The most interesting aspect of the design of this 
pier is the use of an airjack invented by Colonel 
L. B. DeLong, which was first used in America 
in the construction of offshore oil well drilling 
platforms several years ago. The jacking device 





Airjack gripping caisson on deck of pier section 


enables the steel pier sections to “ climb ” out of 
the water, up the steel caissons. Thus the pier 
is wholly supported by the caissons when the 
structure is completed. During fabrication at 
the shipyard of the Consolidated Western Steel 
Corporation in Texas the pier sections were fitted 
with oil and water pipes, ship mooring devices, 
tracks for travelling cranes and for loading con- 
veyors. After launching, each pier section was 
loaded with its own 6ft diameter by 100ft long 
caissons and with all other equipment and gear 
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flown to the site upon the arrival of the first pier 
section and may maintain its living quarters on 
the pier during erection. 

As soon as the first pier section arrived at the 
installation site it was manceuvred into approxi- 
mate position and moored until the crane on the 
deck could begin to hoist and lower the pipe 
caissons through the holes in the deck of the 
barge. There the caissons were gripped by the 
DeLong airjacks (one of which is illustrated here) 
while the pier section was being moved into its 
precise position. The caissons were then dropped 
to the river bottom, 
where they readily pene- 
trated the sand and 
gravel overburden and 
became anchored. 

The next step was to 
raise the pier section to 
its final elevation by 
means of the airjacks. 
Each airjack, being fitted 
over. the circumference 
of the caisson and 
attached to the deck of 
the pier section, climbs 
the caisson much like 
a boy climbing up a 
tree trunk. Each two- 
minute cycle of the 
airjack lifts the pier 
about 6in, as shown, 
step by step, in the dia- 
grams (a) to (d). The 
jacks are operated by 
compressed air through 
a master control, and an 
individual control of the 
jacks permits adjust- 
ments or levelling off 
when the section gets 
out of plumb due to the 
fact that, as the airjacks 
lift the section out of 
the water, the caissons 
are further driven into 
the overburden by the 
weight of the section. 
The master cortrol can 
adjust the elevation of 
the section by as little 
as xin if required. The control piping is 
designed so that it is virtually impossible for the 
operating personnel to “drop” the section by 
mistake, nor will the section drop if the air com- 
pressors or piping fail. 

After the deck had reached its proper elevation 
and the weight of the pier section had forced 
the caissons down further, the jacks were released 
one at a time and the caissons were driven to 
rock by a hammer weighing 19 tons and having 
a rated striking energy of 50,200ft-lb. After 
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(a) First step in raising the 
pier is to tighten the lower 
grippers around the pipe. 


a 


(6) Then the bellows are in- 
flated. This raises the top 
portion of the airjack and the 
entire pier section about 6in. 











V1 
(<c) 
(c) With the bellows fully (d) The bellows are then 
inflated, the gri in thetop deflated. The lower gri; 


portion are oop tened to hold 
the structure in the elevated 
position. 


are released, and the lower 
portion is drawn up ready for 
another cycle. 


Working principle of the DeLong airjack 


necessary for the complete erection of the 
structure. 

If desired, other equipment or cargo not 
essential to the pier construction can be shipped 
for the owner, because the dock sections prove 
very stable while afloat and can carry large and 
heavy surplus cargo. The entire field con- 
struction of the pier can be accomplished without 
landing and without depending on land facilities 
or landborne equipment and supplies; the 
erection of the pier sections require the use of 
only a very small field organisation that may be 


driving, each jack was re-engaged. Finally the 
jacks were removed one at a time and the 
caissons cut off flush with the deck and welded 
to the section. The last step was to fill each 
caisson with concrete and sand and to weld a 
cover plate over its top. 

According to the builders of the structure, one 
of the economic advantages of this method of 
pier construction lies in the fact that the structure 
can be fabricated in any foreign shipyard to take 
advantage of local steel prices, local labour 
prices, and to shorten the length of tow. In the 
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case of structures erected for temporary use it jg 
an easy matter to remove a section after it has 
been placed ; it is only necessary to jack the 
section down to the water, cut loose the support- 
ing caissons and pull them, thus salvaging the 
entire structure at minimum cost. 





Jubilee Celebrations of the Internationa} 
Electrotechnical Commission 


CELEBRATIONS to mark the golden jubilee of 
the International Electrotechnical Commission 
(I.E.C.) are to be held in Philadelphia, in cop. 
junction with a series of meetings of the Com. 
mission's technical committee, from September 
Ist to 16th. The L.E.C., it will be recalled, was 
founded at the International Electrical Congress 
held in St. Louis in 1904, and Lord Kelvin was 
its first president. 

The opening ceremony will be held at Houston 
Hall on September ist and on the following day 
delegates will be welcomed at a reception by 
Dr. H. S. Osborne, the I.E.C. president, the 
president of the University of Pennsylvania and 
city officials. On September 9th the day of 
the jubilee, a programme commemorating fifty 
years of the I.E.C. will be presented in the 
auditorium of the university. In the evening a 
banquet will be held at the Bellevue - Stratford 
Hotel. The British delegation, of about ninety 
members, will be led by Lord Waverley, past 
president of the British Standards Institution, 
who will be one of the official speakers. Other 
speakers will include Dr. Hakan Sterky, head of 
the Swedish Communication Board, Monsieur 
P. P. Ailleret, director of Electricité de France, 
and Dr. L. A. DuBridge, president of the 
California Institute of Technology. 

Normally the annual I.E.C. meetings involve 
about a dozen technical committees but on this 
occasion the programme has been extended and 
nearly fifty technical committees and sub- 
@mmittees will be in session. The address of 
the general committee is I1.E.C. Golden Jubilee, 
Houston: Hall, University of Pennsylvania, 
3417, Spruce Street, Philadelphia, 4, Penn- 
sylvania. 





Aircraft Ground Position Indicator 


Tue Ford Instrument Company, Division of 
the Sperry Corporation, recently demonstrated 
an aircraft instrument which automatically gives 
a pilot his latitude and longitude without need 
for communication to ground sources. This 
instrument, according to Mechanical Engineering, 
is generally referred to as a “ ground position 
indicator” and consists of a computer set 
weighing some 45 lb. The set incorporates an 
indicator, computer control, a computer and an 
amplifier. When using the instrument and 
before taking-off the pilot, by means of dials, 
feeds into the computer control the wind speed 
and direction and magnetic variation. On the 
indicator he sets his take-off latitude and longi- 
tude. The instrument is connected to the com- 
pass and air-speed indicator of the aircraft from 
which the computer receives the true air speed 
and magnetic heading. Once the aircraft is 
airborne the computer continuously calculates 
and the indicator continuously indicates the 
machine’s changing latitude and longitude. 





U.S. Case Study Data on Productivity 


Tue British Institute of Management has just 
issued more of the reports which are being 
published under the title of ‘“ U.S. Case Study 
Data on Productivity and Factory Performance. 
These case studies are designed to provide 
managements with a means by which they can 
compare their performance with American plants 
in a similar industry. The latest reports 
with the manufacture of combine harvesters, 
cold formed machine bolts and hexagon 
nuts, and aluminium ware. In the reports 
the term productivity is defined as the ratio 
of a given quantity of production or output 
to one or more of the various “ input 
factors that are required for such production. 
The input factor used in the reports is labour, 
which is considered to be the most important 
and universal factor. 






Aut 








id 


Oawveadsd Tt Tea at 


—“—_e 


= le = CP 


ow aS 





Aug. 6, 1954 


International Labour Conference 

It is reported in the Ministry of Labour 
Gazette that delegates from sixty-six member 
countries attended the thirty-seventh session of 
ihe International Labour Conference, held in 
Geneva in June last. During the debate on the 
Director-General’s report, Sir Walter Monckton, 
the Minister of Labour and National Service, 
wid that he was still not certain that the con- 
ference Was devoting enough attention to some 
important aspects of its work. The great need 
of the work was to raise standards of living ; 
this, he said, could not be done by studies and 
research nor by international regulations alone. 
For this reason the growth of the operational 
gtivities of the 1.L.0. was to be welcomed as 
the most potentially fruitful development of the 
post-war period. He was glad, therefore, that 
the conference was having a comprehensive 
discussion on technical assistance. 

The conference accepted a recommendation 
on holidays with pay, which applied to all 
employed persons except seafarers, agricultural 
workers, and persons employed in family under- 
takings. Every worker covered by this recom- 
mendation should be entitled to an annual paid 
holiday of not less than two weeks, and younger 
workers under eighteen years should receive a 
longer holiday. 

A number of conclusions were adopted by the 
conference concerning the vocational rehabilita- 
tion of the disabled, on which further consultation 
will take place with governments in preparation 
for a second discussion of the subject at 
the next session. The conclusions were in 
nine parts and it was proposed that they 
should be adopted in the form of a recommen- 
dation. The various parts of the conclusions 
were concerned with definitions and scope, 
principles and methods of vocational guidance, 
training and placing of disabled persons ; 
administrative organisation; methods of 
enabling disabled persons to make use of the 
facilities ; co-operation between the authorities 
responsible for treatment and rehabilitation ; 
measures which should be taken to promote 
opportunities for disabled persons to secure and 
retain employment on the basis of their working 
capacity ; measures to organise and develop 
facilities for employment under sheltered con- 
ditions ; provisions for disabled young persons ; 
and the application of the principles of vocational 
rehabilitation: 


European Coal Market 


A recent report to the coal committee of the 
Economic Commission for Europe states that 
during the winter of 1953-54 there was a slow, 
but steady, increase in hard coal production, 
stability in demand and piling up of stocks at 
pitheads. The report stressed that in Belgium 
and France coal producers’ stocks had climbed to 
levels comparable with those of the period of the 
great depression of the ‘thirties, a situation which 
was undoubtedly serious. On the other hand, 
the situation in the United Kingdom continued 
to be one of scarcity, which had been the case 
during the whole of the post-war period. 

The cost of keeping stocks at mines was too 
high for the level of production to remain as it is 
for long, and may compel a decision to reduce 
production. In Western Europe as a whole 
coal production showed a slight increase as com- 
pared with output during the previous winter, 
nsing from 242-1 to 243-7 million metric tons. 
Production during the summer of 1953 totalled 
222 million metric tons. As far as productivity 
was concerned, there was appreciable improve- 
ment in France, where for the first time a level 
of output equal to that of the Western Zones of 

ny was reached. 

It was pointed out in the report that during the 
last two years pithead stocks of coal had, with 
few exceptions, continued to accumulate in 
Continental Western Europe. Although the 
piling up of stocks proceeded at a slower pace 
during the winter 1953-54, that it proceeded 
at all during the winter was in itself abnormal. 
Stocks in Belgium and France totalled about 
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10,000,000 metric tons at March 31, 1954, and 
increased by 1-8 million metric tons during the 
next three months. In the United Kingdom, on 
the other hand, where expanding consumption 
requirements are ‘continuously ahead of supplies, 
pithead stocks were at normal level. 


National Joint Advisory Council Quarterly 
Meeting 


Last week the quarterly meeting of the National 
Joint Advisory Council was held under the 
chairmanship of Sir Walter Monckton, the 
Minister of Labour and National Service. The 
Minister reminded the council that at its last 
meeting he had said that he would consider the 
views expressed in the course of the discussion 
on the recommendation of the Courts of Inquiry 
into the engineering and shipbuilding disputes 
and that he would again consult the council. He 
pointed out that at that meeting there was a con- 
siderable measure of agreement as to the urgency 
of the issues raised by the Courts of Inquiry and 
to the need for positive action, but there were 
divergent views as to whether the recommenda- 
tion itself was practical or desirable. The 
Minister said that, after careful consideration, he 
had come to the conclusion that the most promis- 
ing method to give effect to the greatest extent 
possible to the objects which the Courts had in 
mind, while avoiding the difficulties inherent in 
its recommendation, might be to publish a state- 
ment on the country’s economic position with 
particular reference to the interrelation of prices, 
wages and profits. Work had begun on the 
drafting of a document and it was hoped that it 
would be ready in good time for the council at 
its meeting in October, when the council would 
be able to give further consideration to the 
proposal. 

One of the three aspects of the general question 
of the improvement of human relations in industry 
considered by the council at this meeting was the 
I.L.0O. recommendation and resolution on con- 
sultation and co-operation between employers 
and workers at the level of the undertaking 
which were adopted by the International Labour 
Conference in 1952. It was explained that the 
Government had announced in a White Paper, 
presented to Parliament in March, last, that it 
had accepted the recommendation on the basis 
that it was already established Government 
policy to promote consultation and co-operation 
between employers and workers at the level of 
the undertaking by voluntary means. The alter- 
native method of establishing the machinery for 
consultation and co-operation by statutory means 
was not acceptable, since it was not in accordance 
with custom or practice in this country. 


European Management Conference 


At the request of the European Council of the 
International Committee for Scientific Manage- 
ment, the British Institute of Management has 
undertaken to organise a European Management 
Conference this autumn. The conference will be 
held at Torquay from October 20th to 23rd next, 
and it will be attended by representatives from 
fourteen European countries. The theme of the 
conference will be “The Contribution of 
Management to European Prosperity.” The 
variety of subjects covered in the advance pro- 
gramme issued by the British Institute of Manage- 
ment indicates the wide range of managements” 
interests. In addition to the papers which will 
be presented, a number of subjects will be dealt 
with in discussion and debate by panels of 
leading authorities. 

The papers to be presented and their authors 
include the following :—‘‘ The Economic Out- 
look for Europe,” by Monsieur R. Marjolin ; 
“Production Research : Some Successful Ex- 
periments,” by Mr. B. Hellern ; “‘ Raising the 
Productivity of the Sales Force,” by Monsieur 
M. Burgraeve ; “‘ Industry and the Local Com- 
munity (Report of an Experiment), by Mr. Erik 
Bengtson ; “‘ Management Through Co-opera- 
tion—a Case Study,” by Dr.-Ing. E. Mittelsten ; 
“ Cutting the Costs of Clerical Procedures,” by 
Monsieur S. Briquet ; ‘‘ Education and Training 
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for Management—the Role of the Technical 
Colleges,” by Mr. J. C. Jones and Prof.-Ing. 
H. F. Schwenkhagen ; ‘“ The Social Background 
to European Management,” by Senor J. Ortega y 
Gasset ; ‘*‘ Developments in Industrial Rela- 
tions : The British Trade Union Approach,” by 
Sir Vincent Tewson ; “ The Financial Implica- 
tions of ‘ Short Runs,’ by Mr. F. T. Hunter ; 
“ Human Communications—a Review of Current 
Research Activities,’ by Professor R. W. 
Russell ; ‘“‘ Films in the Service of Manage- 
ment,”’ by Mr. E. Anstey ; “ The Management 
of Public Enterprises,’ by Dr. H. Kaun; 
“ Applying Modern Techniques to the Small 
Company,” by Mr. J. A. Hunt. 

Amongst the subjects to be discussed by 
panels there will be the following :—‘‘ Effective 
Application of Human Effort—Some Recent 
Research ”* ; “‘ Modern Applications of Financial 
Control” ; ‘ Education and Training of Super- 
visors” ; “‘ Training for Top Management—the 
Role of the Staff College” ; ‘* New Uses for 
Market Research” ; “‘ Modern Applications of 
Work Study—Reducing the Load on Top Man- 
agement”; ‘Education and Training for 
Management—the Role of the Universities "’ ; 
** Applying Modern Management Techniques to 
Agriculture” ; and ‘“ Education and Training 
for Management—the Responsibility of 
Industry.” 


European Atomic Energy Society 

It is announced that representatives from eight 
European Atomic Energy Commissions have 
decided to establish a European Atomic Energy 
Society, to promote co-operation in nuclear 
energy research and engineering. According to the 
United Kingdom Department of Atomic Energy, 
the nations represented include this country, 
Belgium, France, Italy, Norway, the Netherlands, 
Sweden, and Switzerland. The work of the 
society will include the arranging of international 
meetings for scientists and engineers working in 
the field of peaceful application of nuclear 
energy ; the standardisation of nomenclature 
and symbols ; and the study of the hazards and 
safety measures arising from the application of 
nuclear energy. When the society was formally 
established in London in June last at a meeting 
at the Royal Society, Sir John Cockcroft, 
director of the Atomic Energy Research Estab- 
lishment of Britain, was elected president for the 
first year. 


Trades Union Congress 


Eighty motions have been submitted by 
affiliated organisations to the Trades Union 
Congress, which opens at Brighton on September 
6th next. A majority of the motions fall under 
three main headings—economic, twenty-three ; 
international, nineteen ; and social insurance, 
safety and welfare, nineteen. Other motions 
deal with trade union organisation and practice, 
education, wages, hours and conditions of em- 
ployment, industrial policy and organisation, 
and rules and standing orders. 


Production of Titanium in Sheffield 


What is believed to be the first plant for the 
melting of titanium and titanium alloys in 
Sheffield is to be installed by William Jessop and 
Sons, Ltd., Brightside Works, Sheffield, a unit of 
the Birmingham Small Arms Company, Ltd., 
Group. Titanium, because of its lightness and 
strength, is expected to have a very great future 
in the aircraft industry, particularly in jet engine 
work. We are informed that technical aid has 
been obtained under an agreement with a large 
American producer of titanium and the British 
firm is- going to install melting furnaces for the 
metal and its alloys, and later special manipula- 
tive plant will be introduced for forming the 
metals into aircraft parts. The firm has had a 
team working in its research laboratories for a 
considerable time on titanium alloys, and this 
work will be further intensified in order to keep 
British development in line with that being carried 
out elsewhere. 





THE ENGINEER 


Aug. 6, 1954 


Notes and Memoranda 


Air and Water 


Rust AND SHiIppinc.—We have received a leaflet 
entitled “‘ Rust and Shipping,’ published by Jenolite, 
Ltd., which deals with the problems of rust as affecting 
the ous industry. The leaflet, which is well illus- 
trated, describes the results of applications to particular 
ships and discusses the prevention of corrosion in the 
ships with chemical pretreatment. 


LAUNCH OF COASTAL MINESWEEPER.—The coastal 
minesweeper H.M.S. “ Lanton,’’ was launched from 
the Belfast shipyard of Harland and Wolff, Ltd., on 
Friday, July 30th. e ship, which is of composite 
construction, w planking on aluminium alloy fram- 
ing, has a length of 152ft and a beam of 28ft 9in and has 
—_ machinery built by Mirrlees, Bickerton and Day, 

td. 


ALUMINIUM ALLOY Suips’ LireBoats.— Birmabright, 
Ltd., has published a brochure which is devoted to life- 
boats constructed of “* Birmabright.’” The brochure is 
illustrated with photographs of ships equipped with 
“ Birmabright ’’ lifeboats and also with illustrations 
which show the resistance of such boats to impact 
damage. Light alloy davits.are shown and the brochure 
includes brief notes dealing with length of life, main- 
tenance costs, weight saving, and the history of the 
application of the material to the building of lifeboats. 


Miscellanea 


ILLUMINATING ENGINEERING Society.—Fellowship of 
the Illuminating Engineering Society has been awarded 
to Mr. J. B. Collins, of the Building Research Station, 
Watford, and to Mr. H. F. Stephenson, of the research 
laboratories of The General Electric Company, Ltd. 


Gas TURBINE MANUFACTURE.—It is announced by 
Richardsons Westgarth and Co., Ltd., which has manu- 
factured steam turbines, blowers and other equipment 
under arrangement with Brown Boveri, Baden, Switzer- 
land, that it is now extending this manufacturing agree- 
ment to cover the manufacture of gas turbines for all 
purposes. 

SUPERHEATERS. — “* Melesco Power Plant Super - 
heaters ’’ is the title of a pamphlet by the Superheater 
Company, Ltd., 53, Haymarket, London, S.W.1. 
Following a discussion of the design and control of 
superheaters, it quotes operating and plant data for a 
large number of installations, varying from power 
stations to locomotives, and many photographs and 
elevations are shown. 


INSTITUTION OF CHEMICAL ENGINEERS.—The Insti- 
tution of Chemical Engineers has published a —— 
setting out its regulations for the admission of student, 
graduate and corporate members, and for the Insti- 
tution’s examinations. Details are included of a new 
examination which is to be introduced in 1956 to replace 
the present examination for associate membership. The 
pamphlet is available from the Institution’s headquarters 
at 56, Victoria Street, London, S.W.1. 


PLASTICS IN THE CABLE INDUSTRY.—“ The Application 
of Plastics in the Cable Industry,” issued recently by the 
Telegraph Construction and Maintenance Company, 
Ltd., 22, Old Broad Street, London, E.C.2 (Publication 
PC 1/1), contains a summary of the electrical and 
mechanical properties of polythene and _ polyvinyl 
chloride, and outlines the progress that has been made 
and is still being made in telecommunications and power 
cables through the use of these insulators. 


FUNDS FOR THE IRON AND STEEL BOARD.—The Minister 
of Supply has made an Order confirming a scheme for 
the provision of funds for the Iron and Steel Board, 
under Section 13 of the Iron and Steel Act, 1953. The 
Board submitted the scheme to the Minister on June 4th, 
and, as required by Section 13 (4) of the Act, published a 
notice that this had been done. The Order, known as 
the Iron and Steel Board Scheme for Provision of Funds 
Confirmation Order, 1954, came into effect on August Ist. 


ALUMINIUM SMELTER AT KiTIMAT.—The completion 
of the first stage of the hydro-electric and aluminium 
smelter project of the Aluminum Company of Canada, 
Ltd., was marked by the pouring of the first aluminium 
ingot at Kitimat, British Columbia, on August 3rd. 
When complete the hydro-electric plant will have a 
capacity of 2,240,000 h.p. and the smelter will have an 
annual production of 550,000 tons ; however, the first 
stage uses 420,000 h.p. and will produce 91,500 tons of 
aluminium per annum. 


INDEPENDENT TELEVISION AUTHORITY.—The member- 
ship of the Independent Television Authority has been 
announced this week by the Postmaster-General. Sir 
Kenneth Clark. chairman of the Arts Council, is the 
chairman of the Authority and the deputy chairman is 
Sir Charles Colston, who was until recently chair- 
man and managing director of Hoover, Ltd. Seven 
other members have been appointed. The principal 
responsibility of the Authority will be to provide and 
operate the requisite independent television transmitting 
stations under licence from the Postmaster-General. 
ang i meeting of the Authority was held on Wednes- 

ay last. 


FoaM Fire-FiGHTING TENDER.—A fire-fighting tender 
of advanced design, with a foam output of 10,000 gallons 
per minute and an initial total output of 180,000 gallons 
without replenishment of foam compound, was demon- 
strated recently by the Pyrene Company, Ltd., Brentford, 
Middlesex. It is built on a Leyland “ Hippo ”’ chassis 
and was designed to meet the specifications of a leading 
oil company. It carries a bulk supply of 650 gallons of 
foam-making compound, foam generation being effected 


by two 700-900 g.p.m. Dennis two-stage fire pumps, 
each powered by a Rolls-Royce “ B.80°’ (160 b.h.p.) 

trol engine. Foam compound is induced into the water 
ine by means of built-in in-line inductors. At the 
demonstration, water was drawn from ye toe systems 
through a surge tank, the foam being discharged through 
foam-making branch pipes with which the tender is 
equipped. hen the inductors are used at full ey. 
the tender is capable of dischargin — y 
10,000 gallons of stable, high-quality fire-fighting foam 
per minute. Water, at 100 lb per square inch, can 
discharged at a rate of 1960 gallons per minute. The 
tender is also designed to feed pre-mix solution of foam 
compound and water to the fixed foam-making branch 
pi on the side of storage tanks. The pre-mixing is 
achieved by the inductors. 


A JouRNAL OF APPLIED ELectronics—The Industrial 
Products Division of Philips Electrical, Ltd., Century 
House, Shaftesbury Avenue, London, W.C.2. have issued 
the first number of their new monthly publication, Philips 
Serving Science and Industry. is journal will 
similar in approach to the well-known Philips Technical 
Review, and will cover chiefly the field of applied industrial 
electronics, but articles dealing with developments in 
welding and filtration will also be included. While 
primarily directed to a technical audience, many articles 
will be concerned with practical production problems. 
The publication is distributed free of charge, and requests 
for copies should be made on official notepaper to the 
Publication Department at the address given, stating 
position of the applicant. 


BritisH OCCUPATIONAL HyGiENe Society.—The third 
conference of the British Occupational Hygiene Society 
is to be held at the School of Hygiene and Tropical 
Medicine, Keppel Street, London, W.C.1, on November 
Ist. It will be devoted to a discussion of radiation 
hazards in industry. The prelimin programme in- 
cludes the following papers :—‘‘ The Health of Workers 
Exposed to Ionising Radiation,’’ by Dr. A. S. Maclean ; 
“ Radiation Safety in the Industrial Group of the 
Department of Atomic Energy,”’ by Mr. D. R. R. Fair ; 
* Protection oe X-rays and Gamma-rays in the 
Industrial Field,’ by Mr. W. Binks; and “ Safety 
Criteria in Atomic yey el by Mr. F. R. Farmer. 
Forms of aes for the conference may be obtained 
from Mr. P. C. G. Isaac, Public Health Engineering 
Laboratory, King’s College, Newcastle upon Tyne. 


Precise WEIGHING.—The latest in the series of N.P.L. 
“* Notes on Applied Science,”’ has now been published. 
It is the seventh booklet of the series and deals with 
, Weights and precise enc nang weighing. 
The N.P.L. is responsible for maintaining the standards 
of mass and does a great deal of testing of weights and 
balances. This long experience is the basis of the booklet 
which has been written to assist people in industry and 
research laboratories concerned with precise weighing. 
It contains detailed information on knife-edge balances, 
on their installation, maintenance, use, sources of error, 
and the corrections which may be applied. It also deals 
with the manufacture of weights, the behaviour of suit- 
able materials, and the proper design and marking of the 
weights, and includes a section on the tests and methods 
of verification that the Laboratory uses in its own work. 
Although the notes do not provide all the information 
necessary for those who need to reach a specially high 
accuracy in weighing, they do indicate, in a number of 
respects, the way to achieve this. “‘ Notes on Applied 
Science No. 7, ‘ Balances, Weights and Precise Labora- 
tory Weighing,’’’ is published for the D.S.I.R. by 
H.M.S.O., price 2s. (50 cents U.S.A.), by post 2s. 14d. 


CLAYTON FELLOWSHIPS AND GRANTS, 1954.—The 
Council of the Institution of Mechanical Engineers has 
made the following awards for 1954 for special industrial 
experience, post-graduate studies, or research in mecha- 
nical engineering under the terms of the James Clayton 
Bequest. The total value of the awards is approximately 
£6400. Clayton Fellowships have been awarded to: 
Mr. S. E. Bonamy, of New South Wales University 
of Le nang Sydney, Australia, for research at 
Birmingham University on internal combustion engines ; 
Mr. A. Bunt, of Witwatersrand University, 
Johannesburg, South Africa, for a course of special 
training with English Electric, Ltd., a course at the 

hool of Gas Turbine a one can fy Farnborough, 
and visits to turbine plant in Switzerland; Mr. J. B. Kirk- 
land, of the Public Works Department, Sierra 
Leone, West Africa, for visits to works in the 
U.S.A. to study the manufacture and operation of earth- 
moving equipment ; Mr. E. K. Armstrong, of Cambridge, 
for research at Cambridge University on gas turbine 
blades ; Mr. F. J. Bayley, of Monkseaton, Northumber- 
land, to continue research at Durham University on heat 
a ally related to the cooling of gas turbine 
rotor blades ; Mr. D. E. Evans, of Stanmore, Middlesex, 


to continue an investigation at <% °° we London, 
r 


of fine powders ; Holliday, 
heshire, for research at Sheffield Univer- 
Mr. J. R. Plant, of Burnley, 
Lancs, to continue research at Imperial College on the 
shear strength properties of soils ; Mr. D. S. itehead, 
of Hulland Ward, Derbyshire, for research at Cambridge 
University on gas turbine blades ; and Mr. E. H. Wright, 
of Cradley Heath, Staffs, for research at Birmingham 
University on scavenging of exhaust systems. Clayton 
Grants are awarded to Mr. F. W. Armstrong, of Stret- 
ford, Manchester, for research at Queen M. College, 
London, on the vibration damping properties of engineer- 
ing components; Mr. F. W. L. Moore, of Redland, 
Bristol, for a post-graduate course in business admini- 
stration at Birmingham University ; and to Mr. P. L. 
Oxley, of Halton, Leeds, for research at Leeds Univer- 
sity on metal cutting processes using photographic 
methods. 


into the millin 
of Wallasey, 
sity, on flame radiation ; 


Personal and Business 


Mr. N. F. PATTerson has been appointed a dj 
of Monsanto Chemicals, Ltd. reer & See 
Mr. Guy Savite STeveN has been appointed 
managing director of Allied Ironfounders, Lid, Seputy 
Mr. J. A. BALpry has recently been appoint : 
ont sales manager of Lamson Engineering One 
td. ¥ 


Dr. J. E. PARTON will take up appointment 
fessor of Electrical Engineering in the Univer of 
Nottingham on October 31st. 

THE PLessey Company, Ltd., announces the int- 
ment of Mr. John Hilton and Mr. C. D. H. Warp as 
executive directors of the company. 


THE MINISTER -OF TRANSPORT AND CIVIL AviAtioy 
J. A. Boyd-Carpenter, M.P., has appointed Commande; 
R. Scott-Miller to be his parliamentary private secretary. 


Mr. W. B. Latina, director and general manager of 
Bruce Peebles and Co., Ltd., has m awarded an 
honorary fellowship of Heriot-Watt College, Edinburgh 


Mr. G. P. Brivces, A.M.Inst.C.E., L.RILBA, 
M.[.Struct.E., manager of the Building Department of 
Simon-Carves, Ltd., has been appointed a director of the 
company. 

G.W.B. Furnaces, Ltd., of Dudley, Worcs, announces 
the appointment of Mr. T. G. Smith as outside represep. 
tative in the firm’s control gear division for the counties 
of Yorkshire, Nottinghamshire, Derbyshire, and Lip. 
colnshire. 

Mr. L. R. SARGENT has been appointed plant engineer 
at Marconi’s Chelmsford works. He succeeds Mr, R. 
Sargent, who has reached the retiring age, but is cop. 
tinuing his service with the company as assistant to the 
works manager. 


Mr. R. G. BRAITHWAITE was installed as president of 
the Institute of Welding at its annual general meeting 
on July 20th, in succession to Mr. A. Robert Jenkins. 
Mr. R. E. G. Weddell has succeeded Mr. Braithwaite 
as vice-president of the Institute. 

Tue BristoL AEROPLANE COMPANY, Ltd., announces 
that it has bought all shares in the capital of MacDonald 
Brothers Aircraft, Ltd., of Winnipeg, which is mainly 
engaged on aircraft repairs and the manufacture of 
sheet metal parts for gas turbines. 

THE WELLMAN SMITH OWEN ENGINEERING Corpora- 
TION, Ltd., announces that Mr. Colin John Barker has 
been appointed general managing director of the com- 
pany. Mr. Frederick Harold Brooks has been appointed 
managing director in charge of production and technical 
development. 

THe New Conveyor ComMPANy, Ltd., announces that 
Mr. W. Ralph Purnell, whilst continuing as executive 
chairman of the company, has relinquished the position 
of managing director. Mr. D. A. Smith has joined the 
board as managing director and Mr. J. A. Turton and 
Mr. T. H. Kirkham have been appointed directors. 


Mr. Francis T. HEARLE has relinquished the chair- 
manship of The de Havilland Aircraft Company, Ltd. 
Mr. W. E. Nixon, the deputy chairman and managing 
director, has become chairman, and Mr. F. E. N. &. 
Barbe the deputy managing director, is now also vice- 
chairman. Mr. Hearle is to remain a member of the 
board of the company. 

MetprumMs, Ltd., Engineering Works, Timperiey, 
Altrincham, Cheshire, furnace, stoker, and destructor 
manufacturers, established since 1884, is now closing 
down. All existing records of the firm have been pur- 
chased by the Meldrum, Flood-Page Company, Litd., 
Millwall, London, which will now supply new equip. 
ment and replacements. Mr. Roland Orrell has been 
seconded to Meldrum Flood-Page, to advise on all 
matters relating to Meldrum installations. 


New directors have been appointed to the boards of 
Austinlite, Ltd., and Sumo Pumps, Ltd., the two English 
subsidiaries of Stone-Chance, Ltd. (itself a subsidiary of 
J. Stone and Co. (Holdings), Ltd. The directors of 
Austinlite, Ltd., are now Mr. John Raymond, Mr. 
F. W. Beaumont, Mr. L. B. H. Hallett and Mr. 
N. A. W. Stacey and the directors of Sumo Pumps, 
Ltd., and Mr. John Raymond, Mr. T. O. Orr, Mr. 
F. W. G. Beaumont, Mr. L. B. H. Hallett and Mr. 
N. A. W. Stacey. All except Mr. John Raymond are 
new directors appointed from the management of the 
companies. 


Contracts 


Tue British Exectriciry AUTHORITY has placed 
contracts during the past month for power stations and 
transmission lines amounting in the egercon® to 

5) . The principal contracts include: Acton 
Lane * B”’ power station, Willesden, two 240,000 lb 

r hour boilers (Mitchell Engineering, Ltd.) ; Castle 

onington power station, near Derby, high pressure 
pipework and valves (Aiton and Co., Ltd.), and ash 
and dust handling plant (Babcock and Wilcox, Ltd.) ; 
Willington “A’’ power station, near Derby, one 
830, Ib per hour boiler (International Combustion, 
Ltd.), and circulating water valves (J. Blakeborough and 
Sons, Ltd.); Lincoln ee station, two 25M \ 

nerator transformers (Crompton Parkinson, Ltd.) ; 

ottingham power station, high pressure pipework and 
valves (Aiton and Co., Ltd.) ; Mexborough power 
station, Yorks, civil engineering works (Robert M 
Douglas (Contractors), Ltd.) ; pm | pl station, 
Ayr, coal handling plant (Babcock an ilcox, Ltd.) ; 
and Stella West to Blyth, 275kV overhead lines (British 
Insulated Callender’s Construction Company, Ltd.). 
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British Patent Specifications 


an invention is communicated from abroad the name and 

ess of the communicator are printed in italics. When an 
: is not illustrated the-specification is without drawings. 

sige irst given is the date of application ; the second date, 

Me end of the abridgment, 1s the date of publication of the 

specification, 

a C ood 4 specifications may be obtained at the Patent Office 

Soles Branch, 15, Southampton Buildings, Chancery Lane, W.C.2, 

%, Bd. each. 
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TOOLS AND WORKSHOP APPLIANCES 


111,712. October 31, 1951.—PRopuctION oF TooLs 
COMPRISING COMPONENTS OF HARD METAL AND 
HicH-SPEED STEEL, Deutsche Edelstahlwerke 
Aktiengesellschaft, 578, Gladbacherstrasse, Kre- 
feld, Germany. 

The invention relates to a process for the produc- 
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t as nae 
ipa tion of tools comprising components of hard metal, 
qch as a hard carbide or carbides in a bonding 
appoin. metal, high-speed steel or the like. The manner in 
ebb as MM which the process Is 







out will be seen from the 











\VIATION, IE drawing, showing an elev- 

nmander tion and a plan view of a 

scretary. H nilling cutter. The tool 
nager of M shank or carrier element A TD 
rded anf js roughened, if desired, 4p 
inburgh WH on its end face, as indicat- 

R.LB.A ME gat B. The thin, hard- ‘ 
ment of MM metal cutter plates C are 

OF of the HM then placed on the face and 





grayed with the metal D, 


nounces HH yhich provides a union 
<breseo- Ht tetween the plates and the 
nd Ling sank element A. A 

"R fnished tool can thus 
engincer (readily be produced which 
Mr. Re forms an integral unit 
is con. [ although consisting of 





t to the I different materials. It 
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ident of from the drawing that the 
meeting HP process can be _carried 
akin. out by introducing the 
aite B latelike cutting elements 
viii into recesses and filling - 
| remaining space in t 
Donald Ht eeses. by spraying. In No. 711,712 
ture of 2 modification of the . 
process according to a further feature of the invention, 
Rpors. fe the cutting elements. are placed on a temporary 
ker has (@ support of graphite. By spraying about the elements 
e com- fm and then removing the bonded cutting elements from 
pointed JF thesupport a complete tool is produced which requires 
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consisting of cutting elements with the material 
es that I sprayed about them can subsequently be soldered 
ccuti’ io a suitable carrier element. A metallic union is 
cd the (| formed throughout by which the plate-like cutting 
yp and fj Clements are held fast with excellent strength. For 
spraying an iron-copper alloy has been found: par- 
chair. (@ tcularly satisfactory which contains from 10 per cent 
v, Ltd. 10 30 per cent of copper, the remainder being iron.— 
naging fm July 7, 1954. 
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fd 711,525. May 8, 1952.—PoLIsHING MACHINES, 
B. O. Morris, Ltd., Morrisflex Works, Briton 
perley, Road, Coventry, Warwickshire. ( Jnventor : 
Tuctor Ronald Arthur Smith. ) : 
‘losing The invention relates to a floor or bench polishing 
nh pur- machine having a driven, tensioned, polishing belt 
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extending axially into a stationary rod support 
replacing the normal spindle of a floor or bench 
polishing machine, and other holes C are provided to 
receive locating dowels carried at the end of the 
support. The other end of the plate has a bore D 
of substantial dimension. Aligned with the bore are 
two coaxial flanges E and F which respectively form 
housings for the outer race rings G of ball bearings. 
The inner race rings H of the bearings are fast on a 
centrally-flan; shaft J extending with clearance 
through the bore D and carrying similar wheel por- 
tions K and L, encircling the flanges of the plate, 
and on opposite sides of the plate. The ends of the 
shaft are peened over axially to locate the hubs M 
of the wheel portions against the inner race rings. 
The ey con of each of the wheel portions should be 
covered by a ring of rubber N which can be vulcanised 
on it. The driving of the belt is effected by means 
of an electric motor in a usual way. Preferably the 
tensioning means for the belt consists of a tensioning 
pulley constructed in accordance with Specification 
No. 707,194, to ensure the tracking of the belt on 
the contact wheel when the appropriate speed is 
reached. Various types of wheel are also shown in the 
specification.—July 7, 1954. 


BURNERS AND SPRAYERS 


711,625. October 18, 1951.—Spray BURNERS, 
Maschinenbau Aktiengesellschaft Balcke, 4, 
Marienplatz, Bochum, Germany. ( Inventor : 
Wilhelm Werlich. ) 

According to the invention there is provided an 
oil spray burner which comprises means housed 
within the body of the burner whereby when the 
pump pressure necessary for the atomisation of the 
oil fails, a second atomising agent, for example, 
steam or compressed air, comes into action auto- 
matically to effect the atomisation of the fuel oil. 
Referring to the drawing, the oil under pressure 
enters the burner at A and 
is set into circular or whirl- 
ing motion by having to 
pass through at least two 
tangential slits B in an 
intermediate member C 
and passes into the fire 
chamber finely atomised 
through a jet opening D. 
An additional atomising 
agent enters the atomiser 
at E and passes to the 
whirling chamber C of the 
jets, which is at the same 
time designed as a diffuser 
for the de Laval nozzle F. 
The flow of the additional 
agent is controlled by a 
regulating needle G which 
is actuated by a control 
member H. The control 
member is a differential 
pressure piston, which 
moves to make available 
the second atomising 
agent, when the oil pressure 
falls short of that which is 
required in accordance with 
the adjustable setting to 
ensure the perfect atomisa- 
tion of the fuel oil. The 
control member H is sepa- 
rated from the oil chamber No. 711,625 
by a bellows-like member 
J, so that the pressure of the additional atomising 
agent acts on the outer surface of the member H 
and the oil pressure acts on the inner surface, after 
passing through passages K, L and M. In addition, 
the control member H is also acted upon by a tension 
and compression spiral spring N which may be 
adjusted by means of a hand wheel to any desired 
pressure. By means of the apparatus provided, 
should the oil pressure fail, the control member H 
will rise and permit an atomising agent, i.e. steam or 
air, to pass through the chamber to bring about 
atomisation of the oil which would normally be 
effected by the pressure at which the oil was introduced 
into the burner.—July 7, 1954 
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AERONAUTICAL ENGINEERING 


694,783. Amended. May 3, 1950.—IcE WARNING 
‘InpIcaTors, Maldon Cavendish Harley, Paxton 
Hill, St. Neots, Huntingdonshire. (/nventor : 
Frank Brookesmith.) 

In carrying the invention into effect, an electrical 
conductor element having a substantial temperature/ 
resistance coefficient connected in series with a hygro- 
scopic unit comprising a mass of absorbent material 
is provided. The two units are assembled so as to 
be exposed to the air flow, the arrangement being such 
that when there is free moisture present in the air 
it is caught in the channel and directed to the absorb- 
ent material. The indicator comprises a relay, a 
magnetic indicator or indicating lamp connected 
in the circuit of the two elements. In operation, 
in the event of the temperature of the conductor 
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falling to a few degrees above freezing point and at 
the same time the absorbent material being wetted to 
a predetermined extent, sufficient current will flow 
to operate the indicator. At higher temperatures, 
the resistance of the conductor will be such that 
sufficient current will not flow to operate the indicator, 
even if the hygroscopic material is wet. Again, if 
the temperature is low but the absorbent material 
is insufficiently wet, then sufficient current will not 
flow to operate the indicator. The conductor ele- 
ments may be replaced by a switch which operates 
ont below a predetermined temperature.—June 29, 


MISCELLANEOUS 


711,417. June 18, 1952.—Exp.osive Rivets, E. I. 
Du Pont de Nemours and Co., Wilmington, 
Delaware, U.S.A. (Assignees of Ross Jay 
Miller, 32, Jefferson Street, Pitman, New Jersey, 
U.S.A.) 

_ As shown in the drawing, according to the inven- 
tion, an explosive rivet is provided with a shank 
member A with a central longitudinal recess B, con- 
taining an explosive charge C. At’ the base of the 
explosive charge is a severely restricted passage 
formed by a metal plug D. 
It is held in place by a 
constriction in the shank 
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Vy pis 
of the rivet, having a Oy ce 
sufficiently rough surface BAA A 
to retain the plug in the Ch 
rivet during the explosion Cet/ 
and to allow the gases to D 


escape slowly and substan- No. 711,417 
tially noiselessly from the. 

explosion chamber. Various additional forms of 
plug with serrated, threaded or notched surfaces are 
also shown in the specification. When rivets of the 
type described are fired by the application of heat to 
the head, a sharp mctallic click is heard, instead of a 
loud report.—June 30, 1954. 


INTERNAL COMBUSTION ENGINES 


711,739. November 22, 1951.—CyLINnDEeR HEaps, 
Lanova Aktiengesellschaft, 16, Bahnhofstrasse, 
Zurich, Switzerland. 

The invention relates to fuel-injection internal 
combustion engines with a cylinder head including a 
combustion chamber as well as intake and ex- 
haust valves. As shown in the drawing, a disc- 
shaped insert A is fitted into a oylindrical cavity 
provided in the air-cooled cylinder head B of a fuel- 
injection internal combustion engine, so that the 
insert faces the 
cylinder bore. The 
insert, which may 
consist of cast iron 
or steel and which y, 
extends over the 
whole cylinder bore, %i ~ 
is provided with an co cB 
eccentrically _ dis- 
posed cavity C Ys 
which constitutes 2/4) D NF 
the combils'tion Z » 
chamber and has K 
a substantially 
smaller cross - sec- 
tional area than 
the cylinder bore, as well as with one or more 
channels D to receive an engine valve. The thick- 
ness of the disc-shaped insert corresponds to the 
height of the combustion chamber plus the thickness 
of the upper wall of the combustion chamber. The 
upper wall of the combustion chamber C is provided 
with an aperture E which forms a valve seat F, 
preferably for the exhaust valve of the cylinder. 
The cylinder head has a bore G which is co- 
axially disposed with respect to the aperture E 
and serves to receive the valve body of the exhaust 
valve. The bore G opens into an exhaust channel H 
in the cylinder head casting. The channel D receives 
the intake valve and forms a valve seat K for the 
valve body of the intake valve. At the opposite end, 
the channel D merges in a streamlined manner into 
the intake channel Z provided within the cylinder 
head casting. The number of channels D and L 
is governed by the number of the valves required. 
A number of modified designs of inserts are also given 
in the specification.—July 7, 1954. 











C 








No. 711,739 


CONVEYORS AND TRANSPORTERS 


711,524. April 22, 1952.—CoNnveyor BELTts, Cable 
Belt, Ltd., 2, Rose Street, Inverness, Scotland. 

( Inventor : Charles Thomson. ) 
Referring to the drawing, the conveyor comprises 
a belt A supported on both its upper or carrying run 
and its lower or return run by cables, there being 
two cables B and C, one at each side of the conveyor, 
and each forming a circuit between head and tail 
units. The cables are supported at intervals by 
pulleys mounted on stands D, alternate stands 
supporting two pairs of pulleys so as to support both 
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the upper and the lower runs of the cables, whilst the 
intermediate stands support only a single pair of 
pulleys supporting the upper run. The pulleys sup- 
porting the upper run of the cable are indicated at 
E, and the pulleys supporting the lower run at F. 
The belt A is formed at each edge, and on both sides, 
with pairs of lugs each comprising an outer lug G 


GH AJ 


E 
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and an inner lug H defining between them a longi- 
tudinally extending notch J and on that side of the 
belt, which is uppermost on the upper or carrying 
run and lowermost on the lower or return run, the 
lugs G at each edge of the belt are joined by a con- 
tinuous rib. The notch J between each pair of lugs 
is designed to receive one of the cables B and C, and 
each pair of lugs. Different designs of belt construc- 
=. are also shown in the specification.—July 7, 
1954. 


MINING ENGINEERING 


711,450. August 22, 1952.—Deep Borinc Robs, 
The Mannesmann Aktiengesellschaft, 1 Corne- 
liusplatz, Diisseldorf, Germany. 

The invention relates to deep boring rods for trial 
borings and has for its object the provision of improve- 
ments which will substantially increase the useful 
life of the tubular rod. The drawing shows a standard 
arrangement of the tubular rod of a boring system. 
The rod A has a threaded 
connector B, the drilling B 
table is shown at C, and 
D are the toothed cotters E 
in the table. It will be D 
seen that according to the @ 
invention a sleeve E is 
shrunk on to the tubular 
rod to protect it against 
the action of the cotters. 
Other designs include a 
— of Agen peared 

mal strips we on to 
the rod, a protective sleeve a Te 

in two halves, welded on to the rod by spot-welding 

or through holes provided in the half-sleeves, or a 

series of rings shrunk on or welded to the rod, or 

a strip wound around the rod helically and welded 

to it. All these are shown in the specification and 

provide a protective covering in the region where 
the clamping means of the drilling table engage the 

rod.—June 30, 1954. 


STEAM AND GAS TURBINES 


711,572. February 12, 1952.—DAmPpING MEANS FOR 
BLADING, Society Rateau, 40 Rue du Colisee, 
Paris, France, and Rene Anxionnaz, 8 Rue 
Nicolas Chuquet, Paris, France. 

Vibrations occurring in the rotor blades of steam 
or gas turbines, axial-flow compressors, or the like, 
must be damped, and the object of the invention is to 
provide improved vibration damping means. In 
the drawing A indicates three consecutive blades 
with fir tree roots carried by a wheel B. Any 
type of root can be used, or the blades can even 
be welded, at their foot portion, to the wheel. At 
any radial level between the base and the top of the 

lades, or even at the very top, these blades bear, on 
both sides of them, 
protruding parts or 
tongues C and D con- 
centric with axis of the 
the wheel and thick 
enough to stand cen- 
trifugal stresses, each 
of said tongues over- 
lapping, with a very 
slight clearance, the 
adjacent tongue of the 
next blade. If the two 
lateral tongues Cand D 
are given the same 
length, the sags resulting from centrifugal forces would 
be equivalent in each of them, and the clearance E will 
remain practically unaltered. It is always possible 
to give the tongues different lengths a and 5 or such 
shapes that the difference in the sags caused by the 
centrifugal forces F, and F,, cancels the clearance 
as soon as a predetermined r.p.m. is reached and 
gives rise, beyond the r.p.m., to frictional forces 
which depend, on the one hand, on the contact 
surface between the tongues and, on the other hand, 
on the relative amplitude of vibrations of the blades ; 
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these frictional forces cause damping of these vibra- 
tions. The width, shape and mass of the tongues 
therefore form adjusting factors of these vibration 
damping forces. The tongues C and D can be given 
a cross-section in the form of a biconvex lens rounded 
off at the upstream end and tapering at the down- 
stream end, as shown, so that they cause the least 
possible disturbance as regards the axial flow. Other 
constructions are also given in the specification.— 
July 7, 1954. 





Technical Reports 


Dust Suppression Measures on Pneumatic Picks 
(Information Bulletin No. 54/117). The National 
Coal Board, Hobart House, Grosvenor Place, 
London, S.W.1.—The practical difficulties in apply- 
ing effective dust suppression measures on pneu- 
matic picks are well known. There are severe 
engineering difficulties and there is the reluctance of 
the workmen to use wet picks due to the restriction 
on easy manipulation caused by the extra hose for 
the water supply and a considerable likelihood, par- 
ticularly in thin seams, of the operator getting wet. 
The bulletin states that the problem may not be so 
intractable as it is apt to be-represented. The engi- 
neering difficulties are often magnified and wet picks 
are condemned for small faults which would be 
accepted in other less unpopular equipment. Careful 
supervision and maintenance will go a long way to 
eliminate the engineering difficulties, and experience 
has shown that the workmen are prepared to accept 
and use wet picks, provided effective steps are taken 
to remove or at least reduce the drawbacks. The 
object of the bulletin is to give some guidance on how 
these improvements can be effected with equipment 
in present use. 

Carefully controlled trials were carried out in 1953 
at a selected colliery with the full co-operation of 
manufacturers, and six makes of wet picks were 
tested. With one exception all of the picks were 
current production models and, while results varied, 
they showed conclusively that each could be made 
to give a reasonably good performance. None of 
the picks was obviously unsatisfactory on the grounds 
of design or operation, and incidental mechanical 
difficulties were successfully overcome. Various 
minor defects were noted in the course of the trials, 
and an interim specification was drawn up by the 
board for the future guidance of manufacturers. 
Following these trials manufacturers are now coming 
forward with improved models and three have 
already submitted new models for trial, and it is 
expected that others will follow. It is stressed that 
the existing models are by no means unsatisfactory 
on engineering grounds, and reasonably good results 
can be obtained if care is taken to avoid the familiar 
difficulties. 


Prevention of Decay of Wood in Boats. The Depart- 
ment of Scientific and Industrial Research, Charles 
House, 5-11, Regent Street, London. Forest Pro- 
ducts Research Bulletin No. 31. Price 2s.—It deals 
with the recognition, treatment and prevention of 
decay in wooden craft. The problem is an old one 
and, in the eighteenth and nineteenth centuries, a 
very serious one for the Navy. Ships were hardly 
built before they began to decay and many remedies 
were proposed and applied without success. The 
nature of the decay was not understood and it is not 
surprising that proper and reliable methods of pre- 
venting it could not be used. Decay in wooden 
ships and boats still remains a problem and a recent 
estimate puts the figure for repairs at about £2,000,000 
a year. Nowadays, however, decay and its causes 
are much better understood. The information which 
is available now can reduce losses to much smaller 
proportions. Bulletin No. 31 contains this informa- 
tion, specially written for those concerned in any 
way with wooden craft. 

The Bulletin describes the various kinds of decay 
that occur, what causes them and where they are 
likely to be found in a boat. It goes on to discuss 
their eradication and treatment and how to prevent 
decay in future in all the timbers of a boat, including 
masts, spars and upper deck structures. There is a 
section on the use of wood preservatives, how to 
choose them and how and where to use them. At 
the end of the Bulletin is a description of electro- 
chemical attack, which may occur where metal is in 
contact with wood, and how to combat it. All the 
information is set out bearing in mind its practical 
implications. 





NATIONAL INDUSTRIAL FueL EFFICIENCY SERVICE.— 
A refresher course for works and plant engineers is being 
arranged by the National Industrial Fuel Efficiency 
Service at the Clarendon Laboratory, Oxford, from 
September 27th to October Ist. Accommodation will 
be available at Brasenose College, Oxford. The eleven 
lectures to be delivered during the course will cover 
various aspects of the general subject of “ Fuel Effi- 
ciency as an Aid to Production.’”’ Full particulars and 
application forms will be available, after August 16th, 
from the N.I.F.E.S., Whiteknights Park, Earley, Reading. 
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Launches and Trial Trips 


Locu Gowan, cargo liner; built by Har} 
Wolff, Ltd., at ‘Belfast, for Royal Mail Lines: 11% 
length overall 503ft, length between perpendicular, 
470ft, breadth moulded 68ft, depth moulde: to shelter 
deck 41ft, gross tonnage 9718; twelve passengers - 
two complete steel decks, eight watertight compart ‘ 
five main holds, one 30-ton, four 10-ton, twelve Sto 
and four 3-ton derricks, electric deck machinery ; ad 
600kW turbine-driven generator, two 300kW dj ~4 
driven generators ; one set of Parsons triple--xpangion 
all-reaction, condensing, double-reduction ge.- turbines’ 
10,500 s.h.p. at 112 r.p.m. at the propelic;r ; steam 
supplied at 525 Ib per square inch and 825 dv. Fah 
two oll-Ared Foster-Wheeler water-tube boi!crs. Ty; 
uly 15th. : 


Po.tiux, dredger ; built by the Chantiers ct Ateliers 
Augustin Normand, Le Havre, for the Marine Nationale - 
length overall 46-30m, breadth moulded 8 50m, draught 
2:28m, displacement 424 tons, speed 15 knots ; two 
sets of free nga gasifiers and gas turbines driving 
through double-reduction gearing, total powcr 1800 h p 
Launch, July 16th. ssi 


Storaas, oil tanker ; built by the Caledon Shipbyijg. 
ing and Engineering Company, Ltd., for Iver By 
Norway ; length between perpendiculars 530/t, breath 
moulded 72ft, depth moulded 39ft, draught loaded 
29ft 6in, deadweight 17,500 tons, trial speed 15 knots - 
twenty-seven cargo oil tanks, two cargo pump rooms 
four double-acting compound steam pumps, stcam deck 
machinery ; Harland and Wolff diesel engine, seven 
cylinders, 8000 b.h.p. at 112 r.p.m., two 120kW steam. 
driven generators, one 125kW diesel-driven generator 
two oil-fired boilers. Launch, July 16th. : 


PeRLIs, passenger and cargo ship; built by the 
Caledon Shipbuilding and Engineering Company, Ltd, 
for the Straits Steamship Pg tre Ltd., Singapore : 
length overall 211ft, length between perpendiculars 
195ft, breadth moulded 40ft, depth moulded to upper 
deck 19ft, deadweight 945 tons on I1ft draught ; trai 
speed 10 knots; six passengers; two holds, seven 
derricks, including one to lift 10 tons, electrical deck 
machinery, three 75kW_ diesel-driven generators ; 
Ruston and Hornsby. Mark 8VEBXM, single-acting, four. 
stroke oil engine, eight cylinders, 10}in diameter by 
14}in stroke, 573 h.p. at 500 r.p.m. Trial, July 20th. — 


Recorper, cable ship ; built by Swan, Hunter and 
Wigham Richardson, Ltd., at the company’s Neptune 
Shipyard for Cable and Wireless, Ltd.; length overalj 
340ft 6in, breadth moulded 45ft, depth moulded to 
— deck 27ft 3in, deadweight 2500 tons, draught 
18ft 6in ; two complete decks, three cylindrical cable 
tanks of 21,000 cubic feet total coiling capacity, steam 
deck machinery, two 100kW steam-driven generators : 
one 100kW diesel-driven generator; two triple-expansion 
steam engines, cylinders 15}in, 26in and 44in diameter 
by 33in stroke, 2200 h.p. at 108 r.p.m., saturated 
steam is supplied at 2201Ib per square inch by two 
multitubular Scotch boilers, trial speed 134 knots. 
Trial, July 23rd. 


RoMANIC, cargo ship ; built by Smith’s Dock Com- 
any, Ltd., for the Bolton Steam Shipping Company, 
td.; a overall 450ft 8in, len between perpen- 

diculars 426ft, breadth moulded 59ft, depth moulded to 
upper deck 38ft 3in, deadweight 9927 tons on 26ft 2}in 
draught ; speed on trial in ballast condition 13} knots ; 
longitudinal framing, five cargo holds, ten 5-ton derricks, 
steam deck machinery, three 40kW __ steam-driven 
pesven ; triple-expansion steam engine, cylinders 
4tin, 40in, 68in. diameter by 45in stroke, one Bauer- 
Wach exhaust turbine, 3000 i.h.p. at 85 r.p.m., steam 
supplied at 220 lb per square inch and 580 deg. Fah. by 
three single-ended multitubular boilers. Trial, July. 





Forthcoming Engagements 


Secretaries of Institutions, Societies, &c., desirous of having 
notices of meetings inserted in this column, are requested to note 
that, in order to make sure of their insertion, the necessary informa- 
tion should reach this office not later than a fortnight before the 
meeting. In all cases the Time and PLACE at which the meeting is 
to be held should be clearly stated. 


ASLIB 


Fri. to Mon., Sept. 24th to 27th.—Church House, Westminster, 
London, S.W.1, 29th Annual Conference. 


INCORPORATED PLANT ENGINEERS 
Wed., Sept. 1st.—LeicesteR BRANCH: Bell Hotel, Leicester, 
“The Works Engineer and the Factories Act,”” H.M. District 
Inspector of Factories, 6.30 = ’ 

Tues., Sept. 7th.—LONDON NCH: Royal mag | of Arts, 
John Adam Street, London, W.C.2, Open Forum, 7 p.m. 
Thurs., Sept. 9th.—NorTH East BRANCH: Roadway Hous, 
Oxford Street, Newcastle upon Tyne, “‘ The Engineering 
Application of Electro-Deposited Metals,’ J. W. Oswald, 


.m. 
Wed. Sept. 15th.—KENT BRANCH : Bull Hotel, Rochester, Kent, 
“The Causes and Prevention of Steam Plant Scale,” W. F. 
Gerrard, 7 p.m.——WESTERN BraNcH : Grand Hotel, Bristol, 
“ Planning and Reconstruction of Bristol,’’ R. W. Jefford, 
7.15 p.m. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS 
Tues., Aug. 17th.—Visit by a Party of Members to the Works of 
the Vacuum Oil Company, Ltd., Wandsworth, 2 p.m. 
INSTITUTION OF HEATING AND VENTILATING 
ENGINEERS 


Tues., Sept. 14th—Institution of Mechanical Engincers, 1, 
Birdcage Walk, Westminster, London, S.W.1, ‘‘ Current 
American Practice in Heating, Ventilating and Air Con- 
ditioning,’’ John K. M. Pryke, 6 p.m. 


INSTITUTION OF PRODUCTION ENGINEERS 


Wed. to Sun., Aug. 25th to 29th.—Ashorne Hill, Warwickshire, 
Fifth Annual Summer School of Production Engineering. 





